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ABSTRACT 


Fifty-four pentofuranosyl nucleosides and methyl 8-D- 
ribofuranoside were oxidized with sodium periodate and 
Subsequently reduced with sodium borohydride. After 
destroying the excess borohydride with aqueous phosphate 
butfertipheoeads thesnesulting.quantitatedpsolutionspwere 
subjected to measurement of their long-wavelength optical 
rotatdonss 

A previously noted empirical trend related nucleo- 
sodesthavings®-Deor e-k configurationsiwath positive 
rotations for their oxidized-reduced products and nucleo- 
sides having a-D or 8-L configurations with negative 
rotations for their enantiomeric oxidized-reduced deriva- 
cawess tMostenucileosades-inathesapresent studysgave.jre- 
Sults in harmony with this empirical prediction including 
adenosines, peg derivatives with an additional asymmetric 
center. However, 6-azapyrimidine (1,2,4-triazine) and 
6-azapyridine (pyridazine) nucleosides were exceptions 
with reversed rotations for their oxidized-reduced de- 
rivatives. This behavior is, suggested to result from the 
jet ruenseca OPA Cad Vector Ornientatd ons ang the chromophore 
rane ethane otame wiice prewjerencess 

C-nucleosides (pseudouridine and formycin) were methyl- 
ateds aitdetherracidic uingmiyrogen. tor camcumvent degnadation 


under the oxidation-reduction: conditions:.,. Paper electro- 
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phoresis using a borate. buffers (pH. 9.3.) was.found, to, be 

a useful analytical method in the present study. The 
precursor nucleosides and their oxidized-reduced products 
Gave distinct Welsmseparated spots. The anodic migrations 
of 8-D-pentofuranosyladenine nucleosides and adenosine. peg 
eeemin the Order MlyxX0> > ey 1 DO-—> xylo-- > lox-red > sara— 


binofuranosyladenine. 


(4 tubercidin (209). 1 n0= 


Adenosine woe aor beierny 2 Goel 


0 
(135) and uni dine 


Sine 
ox-red ‘—— ox-red 


(136) were isolated and 
Subjected to solvent and pH effect studies. In aqueous 
solutions at different pH values, DMF and MeOH, rotation 
magnitudes were affected but drastic changes (e.g. 


reversal of the sign) were not observed. However, drastic 


Se tuber 


EranGes inthe notauvons of adenosine sa (a3 


(209) and inosine 


Oe ned) se] Aycred (loo) Bilene sOD6 envied 


eidin 


(136) behaved normally. 


in pyridine, whereas Gini Tn ee os od 


i sewasedautriDuted tO tne Stacking” effect wath aromatic. 
purine-type bases. 
Qualitative rates of the reduction of periodate by 


nucleosides (determined spectrophotometrically at a perio- 


Cale concentration of Shore M) were found to be: s-D- 
riDG- wo oe-D-=ribo- > @-D-lyxo => 6-D-arabino= = 8-D-xylo- 
furanosyladenine. After 1 min, several 8-D-ribofuranosyl] 


nucleosides reduced periodate 1.2-1.6 times faster than 
theirecorresponding o-D anomers. = This difference. 4s 


presumed to result from the increased steric hindrance 
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INTRODUCTION 


ihe term "nucleoside" was originally introduced py 


Levene and Dacope. 


for the carbohydrate derivatives of 
purines (and later, of pyrimidines) isolated from the 
alkaline hydrolyzates of yeast nucleic acid. The phosphate 
esters Of mucleosides ave called nucleotides... “Nucleo- 
Sides" now refer to carbohydrate derivatives linked to 
neterocyele bases, normally at €-1° of the suaar residue 
Vamonenicrcenter = eabyeC-Neor C=C (bonds. Jhes termean- 
BacesmpDOLManhaturalhyeOoccurring sand Svynthet@roscompouncse 
Since there are two possible orientations for attach- 
ment of the base at C-1' (namely, a or 8 as indicated 
Pou lcvecminnthem0-Ginose derivatives he thesanomenic 
configuration determination of nucleosides has been a 
problem of considerable importance. This is especially 
true in synthetic nucleoside chemistry where coupling of 
an appropriate sugar and heterocycle (or its precursor) 


is frequently employed. Although the anomeric configura- 


O 
a at C-1' 
B B = a heteroc 
ycle 
HO OH or its precursor 
Z 


tion of nucleosides found in DNA and RNA are known to 
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Bikes 


aoe aaT AP 9 ofs rain Fan to estanytavbyst ni eaT ‘. 
-nataun" fe aN batTav ow cabteogtoan te evades 

at Sadnit eae Hay Ui eghtN Nisa w 3 of Foe won” rasbte! 

| abit ad ica st Ya irae tS “hte Meo, .~aeed stoysorsted 
~tt ota ag see BIy Oo aj2 Wa, e 4 eines ft vameds) Ar 

, shiwadinan si demsinge ‘bhe aint ve 20 feden ated eahuta 7 
<#S8a3§ 1907 | snaseeantrsd Std Yawn hut dye .ansd? soal2- a 
Bassa taut asd ic Ae Rats) ‘P22 15 @2ad out 6 inom ; 7 

27) enanes SA2 2 Campin Txak seadiy-§ eas nt 3 0 rf 10% 

6. new Saal sab faaTiige to notions iietab hor zaaugl Vana): 
yelarssq2o ot tht, Ata sfdvvek?zaes to noteong | 
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be 8, naturally occurring nucleosides having the a- 


configuration are also known in vitamin B coenzymes. ° 


2 
Thus, unknown naturally occurring as well as synthetic 
nucleosides always have to be subjected to determination 
of anomeric configuration. 

A number of methods for determining the anomeric 
configuration of nucleosides have been devised. However, 
most of these, although useful in specific cases, have 
limitations and/or exceptions. Thus, the combined use of 
more than one technique is often required. X-ray 
daTtdmaction provaded@the® firs tyconfirmedistructural 
assignments of certain nucleosides obtained from yeast 


: This method gives a rigorous and un- 


ue] G1 Cera'cird : 
ambiguous assignment of the anomeric configuration, but 
requires specialized equipment and skill and is time 
consuming. 

Recently, approaches used for the determination of 
anomeric configuration of ribofuranosy] nucleosides have 
beens €ri tical |y reviewed. - In the following discussion, 


various commonly employed methods and criteria will be 


Surveyed. 
i] i] ii 5 
Ih Baker's "trans rule 


Baker seu trans rule sewiicin States. Undteecondensat.0n 
of a heavy metal salt of a purine or pyrimidine with an 


acylated glycosyl halide will form a nucleoside with a 
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Caer vorG-2°etrans configuration in *the=sttgar moiety re- 
Geraless ofetic Orramarecontiduration at C-1°". has pro- 
VI ded thei niticimpacmsenor assignment of the anomeric 
nature of the products obtained from several coupling 
methods. ‘The reason for the trans predominance has been 
Scuenpuced=tOmeneceparercipation “Of "the acyloxy Group at 
Gare eresuliind=ineromne tion or tan -orthoester ton involving 
C-1'. However, Montgomery and Hewson have noted an 


7,8 observed 


exception *to this: *fube. “Fox “and ‘co-workers 
that the "trans rule" could not be applied automatically 
to anomeric assignment of the products obtained from 


Hilbert-Johnson coupling reactions. 


tie Chiyvopturcal methods 


ie. = ituids or 's €'1's oro Cat Ton rule"? 


BUGSOM See I SOrOtat1 On Culex. Which Wass then iors ¢ 
actempe tO Utilize optical rotation data for determining 
the anomeric configuration of carbohydrates, was uSed 
Song wa tmpaker S trans rule. for early assignments oF 
thesayomeri1c-cont guration Of, hUCIeOS ides sw iniS empirical 
rule was originally based upon presumed relations between 
the anomeric configuration and optical rotations of 
carbohydrates. Although it remains applicable for most 


methyl glycosides,|° VtWas fOUNdMtOmr alll forecer tain 
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exceptions to whi Serules were tTound to be general for 


most pyrimidine nucleosides.t* 


2. ) ORD and! CD salpipr coaches: 


Ulbrvent “and Comore rota measured ORD and CD spectra 
of series of nucleosides and nucleotides and noted trends 
correlating the anomeric configuration and sign of the 
long-wavelength Ce) Cotton et tects  Puraine ss: —0-nuicleo - 
Sides generally exhibit a negative Cotton effect and 
DigimMerc D-nucleosidessasposmtivesCotton  etfecte = Pyrimi-— 
dine nucleosides generally exhibit reversed Cotton effects 
(8-D, positive, and a-D, negative). This so-called 
ORD/CD rule was in general harmony with experiments of 


15 16 


pie we towarliy and Nishimura et al. However, the sign 


of the Cotton effect as well aS itS magnitude is depen- 
dent !/2!8 One MEER INS hada pole Vector ornien tacions «within 
the neterocyclic base, giycosyl rotameric populations, 
solvents, temperature, etc. Numerous exceptions to 


14a.C,1%1o-20 


this rule have been found. VA ie RS 


19,186 that ORD and CD stereochemical assignments 


noted 
should be applied to nucleosides only in those cases 
where the unknown and reference nucleosides have similar 


tyVanemta On moment directaions. electronic structures in 


the sugar rings and glycosyl rotamemic populations: 


III. NMR methods 
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in TH-NMR approaches 


a. Coupling constant approaches 


oM\ SHA (e 


It iS now generally recognized that the coupling 


constant between H-1' and H-2' (Jd Shoul dabem<m 15.0 


}'-29) 
HZenoTmeunequiVocalmassvonment, Of ta 1,2’ =trans hyarogen 


relationship in the case of pentofuranosyl derivatives 


suchas PoU-ribDofuranosyilmucleosides (1). This "criterion 


oS py aNhchet hem acinal 
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1sevaesed upon the Karplus equation, 
coupling constant is calculated from the dihedral angle. 
However, Jys_ot COTS COMMON ON tee trance nyaro = 
gen relationships because of the conformational flexibility 
of the furanose ring. No assignment is possible for 
nucheosides having the l..2°-c1s hydrogen relationship 

of a-D-ribofuranosylnucleosides (2) owing to the double- 
angle cosine dependence of the Karplus equation. The 
Oniiyeexceotions to tnis trans Jyi_o SO BHizac er uce rd On 
have been observed’ in the fused-ring 2',3'-anhydrolyxo- 
nucleosides (H-1" and H=-2' cis) (3). |The enomeric proton 
Sicvic Of (3) appears aSea Shanp singlet (dyson <7 OS) 

HZ sdOeseinescorresponding peak TOrah=(eOfethe 2. 43 


anhydroribonucleosides (H-1' and H-2' trans) (4). 


B 
HO O HO O B = adenin-9-yl, 
O H EU ae 
2,3-d]pyrimidin- 
H H i-y] 
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Leonard and ieeen employed the 2',3'-0-iso- 
propylidene group for ribonucleosides to restrict the 
furanose ring conformation and lower the coupling con- 
Stant (dats gone) - Although the B-anomer usually responds 
to a reduction in Jj1_51, values in the range of JeGS 51 = 
2~3 Hz are common, and unequivocal assignment is pre- 
cluded. 

MacCoss et Aye proposed ao fh-4) imultaplaca ty 
criterion" (H-4' triplet for a-anomers and higher multi- 
plicity for B-anomers). They investigated 12 anomeric 
pairs of 2',3'-Q-isopropylidene ribonucleosides and 
ataern butede themh<4 ‘a mul tiplicidys (couptimgi withphestoas 
Wedd ist H- Sine HS "sna nethesé-seriesrmtosthe flattened 
conformationjof the 2',3'-O-isopropylidene ribose residue. 
iHevtp4 se trapletai.coups ingawithi H-5'. andeH-Steondyjein 
the a-series was related to the conformational change 
of the sugar residue resulting from interaction between 
the endo methyl group and the base reducing the dihedral 
angle between H-3' and H-4' (d31_q:) tow-e0°ene One 
observed exception was the anomeric pair of 6-N-(2',3'- 

N ~s 0-isopropylidene-D-ribofurano- 

ae syl)adenines (5) which have in- 

NG ' NH creased flexibility around the 
glycosyl bond. Both a and 6- 


6 6 anomers gave rise to triplet 


Hac? CH, 


exo endo 
5 


peaks for H-4'. Thus, a minimum 
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requirement of this rule, as they emphasized, is that the 
Cal essupstituent=snomldmpe sOfe sug ficient bulk and nigidity 
to ensure that the steric interaction between the 5'- 
CHoOH group and the base of the &-anomers will prevent a 
decrease in Ogi gre The foregoing coupling approaches 

are crucially dependent on the sugar conformation. Con- 
formational rigidity is a predominant factor in their 
applications. 


27 noted that J 


Jardetzky y»29' < | Hz for adenosine 
3',5'-cyclic-monophosphate (cAMP) (6, B = adenin-9-yl). 
However the applicability of this observation to the 
anomeric assignment of ribonucleosides remained unrecog- 


nized until Robins and MacCoss °° 


proposed a "“geometry- 
only method" for this determination based upon the 
coupling of the anomeric proton (Jys_o:) of the confor- 
mationally rigid anomeric 3',5'-cyclonucleotides (6,7). 
The proposed criterion was Jyi_os < ] Hz for 8-anomers 


(6) and yaar ie 3 Hz for a-anomers (7). They observed 


no exceptions in examining over 200 examples and suggested 
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its general applicability to variously substituted ribo- 
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B-ara-3',5'-cNMP's. Similar results have been observed? 


iteOUnslaboratoryerecentay using the 3°,5'-O0-(.1,3,3-— = 
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tetraisopropylidisilox-1,3-diyl) group (8) in place of 


the 3',5'-O-cyclic-monophosphate. 


B 


b. Chemical shift approaches 


Fox and co-workers®| reported a method based on the 
Chena Cale Shigt.difcerence, Of) 24-0-acetyiemethy lesignals 
before and_after the hydrogenation of a double bond in 
theahecerocyc) ice base .«.Jnapentofuranosy lymucleos udese of 
pyrimidines, they observed a small diamagnetic (upfield) 
shift with 1',2'-trans and a large paramagnetic (down- 
Mets) Sift Wath Wes ce -Cd Save -O-acety lademinatives wpon 
saturation, OfathenS.6-double bond. Thais approach. 1s 
based upon the anisotropic effect of the heterocycle 
and appears to be generally applicable to pyrimidine 
nicteosides ® However, it 1s not Yveadily appdicable to 
purine nucleosides since selective hydrogenation to give 


7,8-dihydropurine mucleosides is’diftieult. 
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Montgomery °<4 reported that the 2'-0-acetyl methyl] 
chemical shift per se could be used to determine the 
anomeric configuration. In a series of acetylated ano- 
meric furanosyl purine pairs, it was observed that 
2'-Q-acetyl methyl signals of 1',2'-cis nucleosides occur 
uptivel disiino mest 16.4959 ppm whiike. thoisey of: je! s2e¢etrans 
murc hestdesai0 counsdowmn#l vevid) rome 21.10 5?ippm.g 63Si midvarliys, 
2-0 and 2'-S-methyl chemical shifts have been utilized 
for the anomeric configurational assignment of arabino- 
furanosyl nucleosdaest® However, the chemical shifts 
of acetyl methyl groups are solvent dependent>> and an 
exception has been noted in the case of 1-(2,3,5-tri- 


0-acetyl-8-D-ribofuranosyl)benzotriazole. > ° 


Imbach and pot Workerce | 


proposed a very useful 
method for the configurational determination of ribo- 
furanosyl nucleosides, which involves the chemical shift 
difference (46) of the two methyl signals (exo and endo) 
Otte NoOmend.c) 2 ees =Oen sopropyild deneumibotunanosyl muicl eo - 
SHeces) di9e.d0)ta Mmhey proposed: vd Eraiterdonie a as refined 
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DAScdeUpDOn ea nes anisovmopicmer tect of the) heterocyciic 
"aglycon" on the chemical shift of the endo methyl 
group of the a-anomer. This anisotropy was demonstrat- 


4,34a-e 


ed with an a-anomer of 2',3'-0-isopropylidene- 


5,0-dihydrouridine (10888 = 5.6-dihydrouracil-1]-yl), 
which does not obey the rule. They have noted that the 
Aé criterion should be limited to ribofuranosy] compounds 
having an unsaturated heterocyclic aglycon and no 5'- 
SUDS ti tuentsSe I nesemiimivations Of the critenion are 


eae However, an exception to this 


now well documented. 
restricted critemron hesspeen neported for 1a2,3-0- 
isopropylidene-D-ribofuranosyl )-3-carbamoy] pyridinium 
gnieg 

Nishimura and Shimizu’? noted that the anomeric 
HNOLOnormamis,2 -Lranse (2 =OH to, | -heterocycle = nucleo- 
Sademappears at avhigher field than that of tnescorres— 
DendInagecls: bSOMervemsInisSecnemicaleshittmdjmference orf 
the anomeric protons of a and 8-nucleosides has been 
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considered to result from the diamagnetic shielding 
Giemcis. (hod store 0). 2) Oleg oup onthe anomeric pyo- 
SOMO qulau. Cea N Sane Osu deS sesh S meviodmhas pean 

used for anomeric configurational assignments and found 


WD carne eel tain 


consistent. However, it has been reported 
anomeric proton shifts of isopropylidene derivatives 
of anomeric mannofuranosylimidazole and mannofuranosy]- 


adenines are not in accordance with this rule. Thus, 
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otis ah must be exercised with 2'-OH protected nucleo- 
sides when this rule is applied. Furthermore, it is not 
applicable where only one anomer is available since this 
method requires both anomers for comparison. 


42 recently proposed a new criterion 


Alenin and Domkin 
for establishing the anomeric configuration of furanosy] 
derivatives of purines, pyrimidines, imidazoles and 
pyrazoles (11). They observed that when the heterocycle 


Sue Seu hens) LOetNere hydroxy croup she chemical 


AL pet. He (purines), H® (pyrimidines) 
NN net He (imidazoles), H? (pyrazoles) 
O R = H, R' = OH in ribo-, xylo- and 
a Ryt glucofuranosyl nucleosides 
5 R = OH, R' = H in arabinofurano- 
Syl nucleosides 
R 
uo 
shift of the heterocycle proton cynety appears at lower 
freld, tian that Of ynet Iiiead eCiSrOriencatrvon. -iIney com 


het 


mrned tie Chemical Strrtt or H with that of the anomeric 


Omovom TOmsune lt woronosedscriterion which states that: 


the chemical shift difference between yhet 


and H-1 (A6é = 
ve - §H-1') is always greater when the heterocycle and 
2'-hydroxy group have a trans orientation. This rela- 

tromedppears to be Valid for unprotected nucleosides tand 


their isopropylidene derivatives but not for nucleosides 
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with acetyl, benzoyl and benzyl protecting groups on the 
Sugar hydroxyls. A similar chemical shift difference 
of the heterocycle protons has been noted previously with 
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the anomeric C-nucleosides of pseudocytidine. Tass 


criterion is not confirmed with a large number of examples 


het 


Ado wits Se n0.t applica bil esto. H substituted nucleo- 


Sides. Again, both anomers are required. 
c. Nuclear Overhauser effect (NOE) approach 


Cusirey ec aif reported the NOE method for deter- 
mining the anomeric configuration of purine and pyrimi- 
dine nucleosides. They observed signal enhancements 
Otewnenag] yconeprotons uponpirradiation) ofaiede of ap 
nucleosides, but no enhancement upon irradiation of H-5'. 
Irradiation of H-5' of B-nucleosides produced enhance- 
ments of the aglycon protons while irradiation of H-4' 
had no effect. However, NOE is dependent on rotameric 
populations and sugar ring conformations: Overlapping 
Shattseoturieestgarsprotons.andecouplgnggbedweenathese 


Brotonsyaiso,complicate*NQEameasurementse 
d. Relaxation time OF) approach 


Hall and Preston” measured the relaxation times 
(T,) of the anomeric protons of pyranosyl carbohydrates 
and observed a difference in the relaxation times (T,) 


between a and B-anomers. The applicability of this 


or ( zHoro%g a ie 
§ . Fah teoofauend, | 
sel onsac’ 19 sade pal a iw nomstties Tor et —a 1 
mtg. | em bane ti deus #5i,, oF sidaajiqoe tom ai at bd “0 
ney? 495 2 nuas hod, ,riagh. 39d 


add 


SDAP aH! i a fiiai0. ynal ae 


i ito 
-73} 4b ToY podigar FOr ans uhh iter rE be t> yottend 0 


-tmiveg bis sat auR- To: Rehesowyt) Ago sivanone of9 gninkn © 


Pe 
- 


af Bhe IN aeNP fmt Appin i>xBiy <eeblaogioun, oahe 
-o 8 hig 46 ee Tey igyu 2ubfor ndaytgsé eng to 
'G-% Ye na) sotbertt Aggesaipuenfenns on tue mea 
anamins.. boguse cand baiodi 2 +o ‘d+ tm webgeibes 2 
b=. Yo notseebaes? st ti exobeig asoetge ont te 23m 
Jitemg] oy ne inane t}) 307 1svevo" tos? ts on S00: 
ght ie lo ava -pnduneantinas wit ‘seve ote eteh pak 
 ae9n? wissdgad vat tod sie. ahhosderg 1Hpua- oad Paew 
— ent, atta lanoo 62te em 


Apso nas (j Ad anit ibis a 


18 


method to nucleosides has been demonstrated by Tran- 


Dinh et alee 


They observed that the relaxation times 
(T,) of the anomeric protons of the g-anomers of some 
anomeric C-nucleosides are about two and a half times 
longer than those of the a-anomers. However, this method 
requires more sophisticated techniques and calculations 


and is time consuming. It has not been reported with 


naturally occurring N-glycosyl nucleoside examples. 


T30_wep approaches 
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Inna Sv4s, Sih mize et bee reported C-NMR spectra 
of anomeric pyrimidine and purine ribonucleosides. They 
observed that the C-1' and C-2' chemical shifts of q- 
anomers appeared at higher fields (2~4 ppm) than those 

of the f-anomers. Similar chemical shift differences 

of the anomeric carbon (C-1') have been observed with 
anomeric 2',3'-0-isopropylidene ribofuranosyl C-nucleo- 
peat. methyl] glycosides’ ° (anomeric ribo, arabino, xylo 
and lyxoruranosides), 2',3/-0-i1sopropylidene riboturano- 


36 and arabinofuranosylcytosine. ><? 


syl purine nucleosides 
In all of the above cases, the anomeric carbon (C-1') 

Gf the nucleosides and glycosides having a cis; relation- 
ship between the aglycon and 2'-substituent resonate at 
Seiigner tteld) than that of the correspondingsls),2.-Ctrans 
compounds. 


The existence of correlations between chemical shifts 
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of the isopropylidene methyl groups of 2',3'-0-isopropyli- 


dene-D-ribofuranosyl derivatives and the anomeric con- 


38,49 


my OuGcetaon and of the central (or quaternary) iso- 


49a have 


propylidene carbon and the anomeric configuration 
also been reported. At present, the reliability and 
generality of these observation in the determination of 
anomeric configuration has not been fully established and 


further investigation is needed. 


iVeeetnizymatic methods 
Enzymes such as bacterial nucleoside hydrolase,>” 


8 


pyrimidine nucleoside phosphorylase’ and calf intestine 


5] 


deaminase have been used to distinguish certain a and 


B-nucleosides. However, the general applicability is 


limited to the substrate specificity of the enzymes. 


V,. Chemical methods 
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Todd and co-workers” discovered a method to assign 
the glycosyl configuration unequivocally by the formation 


Of ecyclontie)eosides sinking the. 5 positon on thes sugar 


52a 


residue and the heterocyclic base, such as 14 and 


52d 


ks Such cyclization 1s. possi db Le On lVeeLor ald. 
cis ({6-)D or BL) nucleosides (Scheme I). This formation 
ay ae) @ 


of cyclonucleosides further established the anomeric 
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configuration of thymidine, 2'-deoxycytidine and 2'- 


deoxyadenosine as 8. However, synthetic nucleosides with- 
NH> Oueune .VeGut SLC sun GlaOn due yee y 
Nm | NS the formation of cyclonucleosides, 
—~ Y such as 3-deazaadenosine (ish are 
HO O precluded from evaluation by this 
method. 
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2. Degradation approaches combined with optical 


rotations 


Periodate (or periodic acid) oxidation, which 


34 WaSmthem stuns to “Introducer for selective 


Malaprade 
Oxidation of vic-glycols. 15 a widely used reaction” 
INBthedGii Gildeof canbohydrateschemistry for structural 


6-59 this oxidation, in combination with 


studies. 
enzymatic and chemical reactions, has also been used as 
a tool for sequence analysis of ribonucleic acid (RNA) 


Whe Early work on configurational 


and polynucleotides. 
assignments in the carbohydrate field was based on the 
optical rotations of the oxidation product (the di- 


aldehyde).°? 


ADUmiGavciLons Of (this Oxi dat onmapprodcn 
in nucleoside chemistry were used to establish the furanose 
Structure of the sugar residue of. naturally occurring 
ribonucleosides and later their anomeric nature.°7 0! 
The first indicative configurational assignment of nucleo- 
Sides was carried out by Todd and co-workers°? using 


periodate oxidation. They obtained the same dialdehydes 


ie imror a Given pein of synthetic (1/7) and naturally 
occurring ine uedeoeudes upon oxidation (Scheme II). 
Since the synthetic glucopyranosyl] nucleosides (17) had 
been considered to have the §-configuration by their 


method of preparation, they assigned the anomeric con- 


figuration of 1 as 8. Later the unambiguous confirmation 
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Scheme II 


of the 8-configuration was demonstrated by the formation 
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use of optical rotational measurements on the periodate 
oxidation products (dialdehydes) derived from reference 
and unknown nucleosides has been made to establish the 
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anomeric nature of other nucleosides 
glycosides’ * and to determine their anomeric purity. 
However, there remains some uncertainty in the anomeric 
configurational assignment based on the optical rotations 
of these aldehydes. These compounds, such as 18 and 19, 


contain two asymmetric centers and can exist as diaster- 


eomers. Identical rotations have been reported’ ° for 
B 
HO O HO a 
ners xe HC CHB 
O) Fe JO) 


18 19 
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the dialdehydes (22,23) obtained in situ by periodate 


Oxidation of 9-(6-deoxy-a-L-mannopyranosyl)adenine (20) 


and 9-(6-deoxy-8-L-glucopyranosyl )adenine CZ even 


though the dialdehydes 22 and 23 are diastereomers 
(Scheme III). 
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The dialdehydes from common naturally occurring 


ribonucleosides have been isolated and character- 


Seo ni aal@ USUdMiVvea Seder V0 VGSs Cre om We Ielre rs 


Ol et DO sulae 


ized 


tablished Ciena LOenY Ue S.UCh doen ce Xocucm 


solution as hydrated species, internal hemiacetals, and 


hemialdals (24-26). Only a small fraction of these 


compounds exist as the free aldehydes (Scheme IV). In 
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the solid state, the "“dialdehydes”" were suggested to 
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Scheme IV 


be completely polymerized (27). The internal hemiacetal 


(26) and hemialdal (24) forms create additional asymmetric 


Centers.) _ 1nerertore, Cases in which the Optical srotations 
of periodate oxidation products provide sufficient in- 
formation to allow unequivocal assignment of the anomeric 
configuration are rare. 

Reduction’? of these oxidation products with hydrogen 
and Raney nickel or borohydride normally gives the corres- 
Pandingmtri-alconols such aS 28 anda29 | scheme Vv) aaaPar tidal 
reduction of the aldehyde function distal to the aglycon 


has been noted under controlled condti One maa Ties 
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Scheme V 


Ps) a Superior method@fortcorrelatingethe anomeric config- 
uration of the precursor nucleoside since the only 
asymmetric center remaining in the reduced compound (28 or 
Ceyetsevie Ori ginalwanomery cecarbon. sine triols (28, 

29) are now enantiomeric and give equal but opposite 
rotations so that the anomeric natures of the original 
nucleosides’ (1,2) are clearly revealed. 


Smith et eae who extended the work of Hudson, 


63 
and other may ere demonstrated the configurational 
COrnclation of methyl! lycosides in botn the Deandet- 
Series based on the rotat#onsmof oxidized and reduced 
products (28,29, B = OMe). This method for determining 


the anomeric configuration requires a reference compound 


of known anomeric configuration. However, a principal 
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gdwentagends jitseapp lcabagity toma large number of com- 
pounds (some of which are shown in Scheme V1). Not only 
the anomeric configuration but also D and L-series can 


80,81 


be correlated and determined frome rotatiaonimeasures 
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Scheme VI 


In 1958 Khorana and moe WOTKeren” introduced the fore- 


going method to nucleosides in their synthesis of a-adeno- 
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Sine. Since then, a number of examples has appeared. 
Pecorendein the opticalsrotations of Oxidized and reduced 


nucleosides (nucleosides ) has been observed rela- 


ox-red 


uve to) tie anomenicuconmgunration of the Startingunuc leo- 
Sides (see next section). In the usual procedure a 


nucleoside, is prepared in situ by the periodate 


x-red — 


oxidation and subsequent reduction of the nucleoside in 
Guestaonm. Lhe Opticalmeroration of the resulting quanti— 
tated solution is then measured. When this method is 
used, caution must be exercised to avoid over-oxidation, 
and nucleosides that are labile to the degradation con- 
ditions also have been reported, °+~ 29 
The various methods described above should be evalu- 
ated carefully and exceptions and limitations con- 
Sidered before they are employed to determine the anomeric 
COmpiauration of nucleosides. In) this thesis sestnes latven 
degradation method (oxidation and reduction) for nucleo- 


Sucesy which fad not been studied systematically. will be 


investigated. 
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RESULTS AND DISCUSSION 


Since Khorana et ae 


first emploved the furanose 
degradative procedure (oxidation of the alycol with 
periodate and reduction of the derived dialdehyde with 
borohydride) for configurational assignment of a-adeno- 
Sine, a number of examples has appeared. This method 

has been used for confirming the anomeric relation of 
nucleoside pairs as well as for direct anomeric configura- 
tional assignment. Examples are Summarized in Table I 


for in situ prepared nucleosides and isolated 


=e ox-red 
fraudulent" (sugar-modified) nucleosides han. Table 
I] contains data for the isolated nucleosides,, ..4 of 


Tiagurdke trigt types (28 or 29). 


Nae that nucleosides having a 


Lerner had observed 
p-Ueomeo-l cont igureation gave ox-red alcohols swith positive 
Gotmecimrotations., and nucleosides having an che 8) one Bou 
configuration gave ox-red alcohols with negative optical 
fotatuans. On this basis, assignment of the anomeric 
configuration of adenine nucleosides such as 70 and 82 in 
Table I (which presumably give the corresponding nucleo- 


Sides Zi and Say Vespectively, witigmore than one 


ox-red — 

asymmetric center) has been BO pO Sec ia me It can be seen 
fromulable I and “lable ga that Lerner'‘spempirical approach 
agrees with the examples reported with one exception. The 
enantiomeric diols (96 and 98) gave opposite relations to 


those expected. However, optical rotations of the 
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Uptica)] Rotations son Previously Reported in situ 


Prepared and Isolated Nucleosides, ag 


Oxidized-reduced b) 
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TABLE I (continued 
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Table 1 (continued 


a) A = adenin-9-y1l. b) Structures, if not reported were 


. 


Presumed. c) Rotation values are of in situ prepared 


nucleosides, aq unless noted otherwise. Consult the 
Original article for detailed measurement conditions 
(i.e. temperature etc.). d) The reported [M]p's were 


converted to [a]p)'s. 
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"natural" triols (28 and 29), which can be derived from 


anomeric pentofuranosyl, hexopyranosyl and hexofuranosyl 


nucleosides, are in accord with expectations. 


HO OH HO OH 


Despite the well-known use of such triols,°¢ thiss 
empirical approach has not been investigated systematically. 
Therefore, we have studied optical rotation relation- 
up o Ow Various types votederived tri0 is preparedein. 
situ from pentofuranosyl nucleosides. We have observed 
that they exhibit a predictable electrophoresis behavior 
under defined complexing conditions. We have measured 
optical rotation values for a series of adenosine). vag 
derivatives tO evaluate substi tuent effects. “ine Varia 
tion in optical rotations of some isolated nucleosides. 4. 
With PHwoand SOme Signifscant Somlivent_effects have been 
determined. The rates of periodate reduction with some 
anomeric pairs of D-ribofuranosyl] nucleosides, and with 
some pentofuranosyl adenine and cytosine nucleosides having 


a sugar configuration other than ribofuranose have been 


evaluated qualitatively. 
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35 
A NOTE ON THE DEFINITION OF a AND eg CONFIGURATIONS 


In 1909 Hudson? Suggested that the more dextrorotatory 
enomer in the D-series be designated q and the more 
levorotatory g. In the E-sepies Une mOrestevorotalomy 
would be designated a and the more dextrorotatory 8. 


Freudenberg! |/4 


Suggested in 1932 that a and 8 anomers be 
classified with regard to their configuration rather than 

bocmes Om esand va lUCMOLetnelraoptncal KOtations «8 His sde— 
Signation correlated monosaccharides with the same con- 
figuration at the anomeric carbon atom (C-1 for aldose) 

and the highest numbered asymmetric carbon (C-4 for pentoses) 
AcmoemeeisluSye structures 1 oG.and 139), depictedmn=atne 
Fischer and Haworth projection formulas, represent o-D- 


ripe uranose and B-D-ribofuranose, respectively. =Ineir 


mirror images are a-L and g-L-ribofuranose. 


In the majority of cases, both the Hudson and Freudenberg 


1s er 


conventions concur. However, examples are known of 


a-D compounds that are less dextrorotatory than their 
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anomers. Hence, Freudenberg conventions are now univer- 
sally applied to glycosidic and glycosyl compounds. The 
pairs of such compounds which differ in configuration at 
the nemiacetal carbons atom (C=? for’ aldoses ).wereutermed 


"anomers" by Riiber, |11> 


A NOTE ON THE NOMENCLATURE OF OXIDIZED-REDUCED NUCLEOSIDES 


(NUCLEOSIDES)y_ pep) Oe Ra Oa PESa 2S" ANDE29)) 


There are several ways of naming nucleosides 
108-110 


Ox-red 


(comand. ao). For instance oxidized-reduced adeno- 


Sine (43) has been named as 1-0-(1,3-dihydroxy-2-propy1)- 
1-(adenin-9-y1)-1(R),2-ethanediol, as 2-0-[1(R)-(9-adeniny1)- 
2-hydroxyethyl]Jglycerol and as 2-(R)-(adenin-9-yl1)-4- 

hydroxymethyl-3-oxapentan-1,5-diol. For the sake of clarity 


in this thesis, oxidized-reduced nucleoside will be in- 


formally termed as nucleoside such as adenosine 


ox-red 


ox-red (in situ) 


ox-red 


for 43. When prepared in situ, nucleoside 


will be used. 


OPTICAL ROTATIONS OF NUCLEOSIDES y pep (ries ht UeerANO 


a 


PLEGUROPTORES hs. 0F NUCLEOSIDESpy_pep (innsi tu) ANUS THER 


oo 


PRECURSOR NUCLEOSIDES 


6-Azauridine (182), 6-azacytidine (183), 3-methyl-6- 


azauridine (184), 3-methyl-6-azauridine,, 44 (185), 6- 


methy1-2-p-D-ribofuranosyl-3-pyridazone (188), 2-6-D- 


ribofuranosyl-3-pyridazone (189), 6-methyluridine (173), 


at " | he 
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6-methylcytidine (178), 3-g-D-ribofuranosy1-6-methyluracil 


a es 1,3-bis(8-D-ribofuranosyl)-6-methyluracil (172), 


1,3-dimethylpseudouridine (190), 1-methylformycin (155), 


2-methylformycin (156), 2-methylformycin,, ..4 (157); 


9,6-dihydrouridine (187), o-L-uridine (163), B-L-uridine 


(164) and a-L-cytidine (180) were prepared by reported 
methods or by the general synthetic procedures developed 
for the present study (see Experimental Section). 

Fifty four pentofuranosyl nucleosides and methyl g-D- 
ribofuranoside were oxidized with periodate and subse- 
quently reduced with sodium borohydride. Excess sodium 
borohydride was destroyed with 1 M sodium dihydrogen 
phosphate buffer (pH 6.5). (Liberation of iodine was 
observed in several cases when 10% acetic acid was used to 
destroy the borohydride.) The reduction products were 
assumed to be the triols 28 or 29, depending upon the 
precursor nucleosides (see Scheme VI). This appears to 
be justified based on the quantitative nature of the re= 
actions and the comparison of electrophoretic mobilities 


of nucleosides (in Si tl jewitun ChosemoTmthescorrecs 


ox-red 


ponding precursor nucleosides. 


Gmirical rotate ons of al) nucleosides; ag (ln mes Mets) 


amcdmsOmesisokated nucleosides 44 Were recorndedmae 


the wavelength of the sodium D line (589 nm). ORD curves 


(300~600 nm) and/or optical rotations at wavelengths other 


than 589 nm (578, 546, 436 and 365 nm bands of mercury) 
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were also obtai i 
ained for isolated nucleosides, _..q and 


most nucleosides (ings) tune Electrophoretic mobil- 


ox-red ‘— 
ities of nucleosides 


pea. and precursor nucleosides were 


recordeds clhesresultsearessummarizedsdin Jableadd lehedd | 


measured nucleosides (in situ) and isolated 


ox-red 


Ox-red 
gave plain positive or negative curves, or single positive 
Or negative Cotton effects between 365 and 589 nm. 
Lerner’ s results| would predict that, the»triols 28 
Should give positive and triols 29 negative rotations at 
589 nmemTOUrl resulismteremoste ofp the nucleosides, aq 


fodyows thas trendegwdhws., the anomericj pairs ofynucieosides 


(Steendes0e. ddsgandins4, l and )62%6 163p ands] 62 sav 
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and 177) in the+D-and/or L-series give positive rotations 


for 8-D and a+L-nucleosides (28) and negative 


ox-red 


(29)ee ihe 


d a we 
rotations for a-D and 8-L-nucleosides,, ..4 (29 


reisulitsp of-nucleosides (in situ) derived from 141- 


ox-red 
T5008, s65e 17000 73001782 andids7hidandi cate thatesubdstityuent 


effects» and a minor change of the aglycon) downot alter the 
sign of the rotation although the magnitudes are affected. 
Purine nucleosides and their analogs appear to follow 
theaitrends: . This. isf’alsod thes casera ors mos tv fultnes py ro mie 
dine nucleosides and their analogs and also for azomycin 


B-D-riboside (192) and methyl @-D-ribofuranoside (191). 


However, exceptions were found with the 6-azapyrimidine 
(1,2,4-triazene) and pyridazine nucleosides,, Vag: The 


ox-red products from 6-azauridine (1 2), 6-azacytidine 
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(183), 3-methyl-6-azauridine (184), 6-methyl-2-8-D-ribo- 
furanosyl-3-pyridazone (188) and 2-8-D-ribofuranosy]l-3- 
Pyridazone (189) gave negative [ol], values and plain 
negative curves between 365 and 589 nm, although these 
compounds were derived from 8-D-ribofuranosyl nucleosides. 
This reversed trend was also reported with simple ox-red 


Tle2 


N-acetylglycosylamines (28 and 29, B = N-acetylamino), 


whereas the methyl glycosides?0>8! 


(28 and 29, B = OMe) 
behaved normally. 

Initially a commercial sample of 6-azauridine was used 
for our study. However, the observation of a reversed 
Simi OueO-azauridines ay sued US TOssynthesizemccveral 
6-azapyrimidinewand pyridazine nucleosides (182-184, 188 
and 189). These compounds were reported to have CD and 
ORD spectra with reversed Cotton effects relative to 
their pyrimidine and pyridine counterparts rare: fal Benll3 
The same structural relationship exists between pyrimi- 
dine and 6-azapyrimidine nucleosides as between pyridine 
and pymidazine nucleosides; Likewise, the rotations 
observed for the ox-red pyrimidine and pyridine nucleo- 
sidesmehod, 176, 165 and 186) were positive whereas those 


fromevieir aza analogs (Cilce; 183, let eandeloo. respec- 


tively) were negative. Isolated 3-methyl-6-azauridine. ag 


(185) showed a parallel negative rotational pattern with 


the in situ result. This corroborated the structure of 


3-methyl-6-azauridine (iNeS) CUjmcse Ul) Cmitatotman d 


ox-red 
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Conmurmed 1tS negative rotation... Thus, thesempa nical 
trend clearly is not followed by 6-azapyrimidine and 
pyridazine nucleosides. 

The common structural feature of the 6-azapyrimidine 
and pyridazine nucleosides (182-184, 188 and 189) con- 
Sists of a six membered ring aglycon in which a second 
ring nitrogen atom and a carbonyl group are bonded to the 
ring nitrogen bearing the glycosyl moiety (193). The 

eat of 6-azapyrimidine nucleosides was 


HO O rationalized! °° by suggesting a pre- 


reversed sian of the Cotton effect 


ferred conformation of the base. 


| 
HO OH This was presumed to result from the 


Vee interaction Of «the | Onewe lection 


pair on N-6 and the lone pair on the ether oxygen of the 


ribose ring. If this were valid for the open-chain 


i i j so explain the abnormal 
nucleosides, vag: fremont. a! xp 
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behavior of 6-azapyrimidine and pyridazine nucleo- 


114 


Side 
Sox-red. 


However, 5-8-D-ribofuranosyl-6-azauridine (125, Table 


Pee which hiasman@adjacent carbony! function and a nitrogen 
atom at the Same ring pOsitaon relative tothe atom 
bearing the ribosyl moiety as 6-azapyrimidine nucleosides, 


has been reported to give the ox-red product (presumably 


105 


Ueoyewith a p0sl tive rova tion . Furthermore, a much 


Greaverecon1Ormational frexipiiity around the glycosyl 


bond of a nucleoside would be expected. This is 


ox-red 


Supported Dy the normal positive Optical erotat) ons oF 


nhs Neato! (in situ) derived from 6-methyluridine 


(173), 6-methylcytidine (178), 3-8-D-ribofuranosyl-6-methy] - 


nucleosides 


uracil (171), and 8-(a-hydroxyisopropyijquanosine (149). 


Ime contrast, the batter Mtece nucleosides represent excep- 
trons trom the ORD/CO rule (see the Introduction) and cive 
Sgereversed COLLON etrtrect relative to their unsubstituted 

P4Aceitsbetre 


pyrimidine and purine analogs. These reversed 


Cotton effects have been attributed to preferred base 
Commormatirons (restricted ranges Of tne torsion=angies, 


Bho) resuilcving trom COUlOomMoICc TepUyrs10n DelWeen pase 
18e 


PCN 
carbonyl and the intact-ring oxygens of 171, 


Steric 


errects of the bulky substituent at the 6-posivion of 173 


and 178'8> and at the 8-position of 142 and ices or De 


After oxidation and reduction, their open-chain nucleoside 


analogs gave the usual positive [a], values and/or plain 
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positive curves or positive Cotton effects between 365 
and 589 nm. This would imply the existence of increased 
rotational flexibility around the glycosyl bond of the 


nucleosides ‘ 
ox-red 


In contrast to these results, 6-azapyrimidine and 


pyridazine nucleosides retain the abnormal (reversed 


ox-red 
Sign) optical rotation behavior of their precursor nucleo- 
sides. This suggests that the reversed rotation behavior 
of 6-azapyrimidine and pyridazine nucleosides arises 
Hany trom thescipomephoric effects: Gintminsiclortica! 
vector orientation in the chromophore) rather than 


18e about the glycosyl bond. 


rotational preferences 
Similarly, the reversed chiroptical behavior of 6-aza- 
pyrimidine and pyridazine nucleosides. veg may be 
attributed to the same phenomenon. 

Our results with ox-red products provide additional 
Sippovtifior ithe glycosyls conformationalyprefenence 
rationale for the reversed ORD and CD Cotton effects of 
the precursor 6-substituted pyrimidine nucleosides (173, 


178), 8-substituted purine nucleosides (142, 149) and 3- 


8-D-ribofuranosyl-6-methyluracil (171). The combined 


observations suggest that the long wavelength rotation 


behavior of nucleosides) aq may be useful for the 


study of nucleoside glycosyl rotameric conformational 


preferences. Comparison of the CD and ORD spectral prop- 


ertiesaofithesprecursoranucleosidéSeandetheyrotations of 
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the ox-red products with enhanced glycosyl bond flexi- 
bility will provide an additional parameter to evaluate 
steric conformational vs. intrinsic optical vector effects 
with the base chromophore. 

Pseudouridine (5-8-D-ribofuranosyluracil) (194) was 


known to be labile under the periodate oxidation and 


borohydride reduction conditions. 88 


ail 
HN NH 
So 
OO HO 
HO OH 
194 195; X = NH, 
196; X = OH 


An elimination mechanism has been proposed by Chambers. | !? 


Formycin (195) and formycin B (196) have been reported 


to give 3-formylpyrazolo[4,3-d]pyrimidine derivatives ’ 


89 


upon prolonged oxidation with periodate. A similar over- 


oxidation has been reported for a benzimidazole C-nucleo- 
Side daraati vowed Thus, it appears that C-nucleosides 
Cantnothbesstbjected directiyntorthéspresentsprocédure 

of periodate oxidation and borohydride recuction. However, 
this procedure was employed with formycin at the 3'- 
terminal of a tRNA during a study of the specificity of 


aminoacyl-tRNA dynthadaseeiens The negative results 
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observed in the aminoacylation with the 3'-terminal 


modified tRNA (formycin at 3'-terminal) now would 


ox-red 
appear to result from degradation of the terminal formy- 
Cineandhnothnecessarilystokthe yeported specificity tentects 
Ofstheasupposedatwuicohvoroduct. 

In order to circumvent the degradation of these 
labile C-nucleoside intermediates by the reaction condi- 
tions, methylation of the acidic NH functions. on. the 
bases was examined. Treatment of pseudouridine (194) with 
N,N-dimethyl formamide dimethyl acetal gave 1,3-dimethyl- 
pseudouridine (190) which was subjected to the usual 


periodate oxidation and borohydride reduction conditions. 


(ines itu 


The resulting 1,3-dimethylpseudouridine 44 — 


gave positive rotation values and a single anodic migrating 
Spoteupon-eleetrophoresissathenanodicomobilities of 0263 


(bineSitud eandsd. 94 


for 1,3-dimethylpseudouridine,, ag a 


for its precursor 1,3-dimethylpseudouridine indicate that 
the product is the expected triol (28, B = 1,3-dimethyl- 
Uracil=5-yl). «After oxidationeand»reductiion, «synthetic 
l-methylformycin (155) and 2-methylformycin (156) gave 
ox-red products with positive rotations and homogeneous 
electrophoreticaspotsecornespondingsatogtriol species. 

The stability of these N-methyl nucleosides toward the 
reaction conditions was further substantiated by the 


isolation of 2-methylformycin,, peg (L57de tahekelectro- 


phoretic mobilities and optical rotations of the isolated 
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and in situ prepared 2-methylformycin 


were identi- 


ox-red 
cal. The stability of the N-methylated formycins (156, 
157) and N',N°-dimethylated pseudouridine (190) suggests 


inetetne NH qroupmise the key tactOrein the Tabqiatiesmor 
pseudouridine and formycin oxidation intermediates. The 


rotations of these methylated nucleosides. agree 


x-red 
with the usual g (positive) trend. 

In most reported cases, no attempt was made to isolate 
Or characterize the ox-red products from nucleosides 
except for measurement of the optical rotation. The 


structures of most nucleosides (in situ) have been 


ox-red 


presumed on the basis of the quantitative nature of the 
reactions. Paper electrophoresis was found to be a very 
useful tool. Electrophoretic examination of nucleo- 


Sides and their antact precursors USingeasporate 


ox-red 
buffer at pH 9.3 revealed well separated spots for the 
two classes and consistent trends were observed in their 
anodic migrations. 


Nucleosides migrated faster than arabinofurano- 


ox-red 
sy] nucleosides, but slower than other pentofuranosyl] 
nucleosides (xylo-, lyxo- and ribofuranosyl compounds). 
Thearollowing order of anodic migrations 15) based on 
adenine derivatives that were available in the complete 
set of £-D-pentofuranosyl derivatives. (Scheme VII). 


This order of migration can be attributed to the ease 


of formation of ionic, cyclic borate complexes with the 
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HO OH 


lyxo ribo xylo ox-red ara 


B = adenin-9-y1 
Scheme VII 


hydroxy] groups.! |? Differences in the electrophoretic 


migration of anomeric pairs under our conditions was not 
observed, although the anomeric pair of pseudouridines 


Was reported to. separate sussing, a borate biter at ipH 


120 


9.6 Lhe electrophonesas, of. methy| B-Deri bofunano- 


(in statu ja wass not, deternma ned. but astsesibructure 


Side one eid — 


(as 28, B = OMe) was supported by the correspondence 


of the reported value of Lal, Pd Sewn 


In summary, the previously known trend of g(+) and 


a(-) rotation signs for nucleosides ASenena.Oc ord 


ox-red 


with most of the nucleosides presently studied. However, 


Geazapyrimidine, and, pyridazine nucleosides. are. excepts ons. 


This reversed behavior probably results from the in- 
trinsic optical, properties. of. the aglyconss-asine, results 
suggest that enhanced flexibility exists about the 


glycosyl bond of nucleosides This information 


ox-red° 
can. be. wsed.in. conjunction. with, ORD/CDestuddespongithe 
precursor nucleosides for conformational studies of the 


latter. Formycin and pseudouridine are labile to the 


B B 3) B 
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0H =i = HO 
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Meactian conditions. but. their N-methylated derivatives 
are stable. Paper electrophoresis with a borate buffer 
at pH 9.3 appears to be reliably useful for qualitative 


characterization of nucleosides F 
Oox-red 


OPTICAL ROTATIONS OF ADENOSINE DERIVATIVES 


OX-RED 


oO. 97, 


Lerner has employed the empirical trend in the 


SronseGr ODLicale rotations, of nucleosides for 


ox-red 


assigning the anomeric configuration of adenine nucleo- 
Sudcomaueh ics /0mandescain able i= Suchecompounde 
give ox-red products with three chiral centers. We have 


determined the optical rotations of a series of modified 


12] 


; 
ed derivatives that Were availa lemam 


adenosine 
CmGmranoOratvoyy wee Ine results are tabulated mn fable lye 
be Cangbe seen that these modified adeno Sine eed 
products (58, 197-208) have positive rotations in agree- 


ment with the "normal" 8 enantiomeric ox-red products. 
Maes rarionalization for application of they empirical 


DO ea), 


tren torosuch nucleosides (70,™82) is based upon the 


observation that chiral centers other than the anomeric 
centerido not appear to contribute significantly to 

the rotation. This is in harmony with ORD and CD studies 
of pentofuranosyl nucleosides which have shown that the 


anomeric center is the major contributor to the optical 


emcee? re aeO The: conf aaureit ons 20 f gor her 


centers normally are of minor consequence. 
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However, a comparison of the optical rotation magni- 
tudes of certain isomer pairs (197 and 198; 204 and 205) 
undoubtedly reveals the marked influence of the substitu- 
entergroups Soa huss thee contribution from chiray’ centers 
other than the anomeric center to the composite optical 
rovativon Maye Des Si gnigicantein certadan=cases.2) ineretores 
application of the empirical trend to nucleosides that 
Give ox-red products with more than one chiral center 
cannot be assumed to provide a secure assignment of the 
Conticumetion at C-has Mhis 1s especially crivical®” in 
cases of a small composite rotation magnitude or with 


Strucwures that have poltarizablieysubst tuentszon chiral 


centers... 


Poe OmSOULVENTSEREECIS ON THE OPTICAL ROTATIONS OF 


ADENOSINEgy pep (43), TUBERCIDINgy ppp (209), INOSINEQy ppp 


Mee ghNO URIDINE) ype nt 136) 


Liwase wer | kitowae< thatssoivent modification can 


effects the chiroptical properties of arcompound.©" Factors 
to be considered include solute-solvent interactions, 
dipole-dipole influences, hydrogen bonding, conformational 
equilibria changes,effects on ionization, etc. Solvent 
effects have been peperted 8? LOMCauseesighnereversasseor 
CD Cotton effects with certain nucleosides. Therefore, 


the influence of changes in pH and solvents on the optical 


rotations of two acidic and two basic ionizable nucleo- 
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Sides i 
ox-red Were examined. 


Adenosine (43), tubercidin (AU 


OX-redeaacor ox-red ‘—— 


inosine (leds mecindmUed.dd.ne (136) were synthe- 


ox-red Ox-red 


Sized and characterized. The proton NMR spectra of these 


nucleosides hadveharacteristic triplets. for the 


ox-red 
Sanomer yc proton =stcunalse(0 —=o Nz) due to split tino py 


the poeci Otis group. Solvents examined were MeOH, H,0, 


DMF and pyridine. Aqueous (~0.1 M) solutions were measured 


eV aint UR Sh eam ny mee sS ee FUT ETE Maia al hie fear AW a Ro f= was not 


ox-red 
exammmed in MeoH*because of its insolUbility le the rota- 
tyonsewere determined at’ 365, 436,"546, 578 and™=589° nm: 
imwerresuits are=presented=in Tables"V, Vl. Virsand VilTe 
ox-red (43), 
(135) showed a 


In the aqueous solutions, adenosine 


(209) and inosine 


OU oped \ See ox-red 


Sadnarvoant, decrease in the rotation magnitude withein- 


Creacede pH. lh, contrast, uridine (16) hadmages daghit 


ox-red 


increase in magnitude with increased pH, although the 
rotations at higher wavelengths remained relatively un- 


Changed. Al] of these nucleosidese ag had plain positive 
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TABLE V 


pH and Solvent Effects on the Optical Rotations 


Oox-red (43) 
SR EBS STE I SS A ASE SS 


A. pH effect?) +>) 
Lols65 = I" Iggg «= UI gag «6=— EJg7—g «= EI gg 


of Adenosine 


pH | “2 Got. | +166.8 4190/7, 1 +85.7 +82.0 
2 5/4 Ke) Ae + jee. C GG. 4 +e J P..G +745. 6 
E, ta2iZe 4 + W4sl9. 7 HORE 44/93) .11 +70.1 
7 + 2128.33 +144,3 HOST. 2 57 5%..0 +/511..6 
9 +24) p/e. 6 + 136. 6 +81 ,4 +71.6 i607, 
ii + Zaleon. 4 + e378, 2 +80.4 +7.49.0 +1687 7.7, 
le + LGul?.-6 + 10:61. 5 +8 55.7) +557,5 +535. 2. 
B. Solvent effect?) >>) 


lol3¢s Lolyz¢ lolsag lols7g lolsgg 


ES SR RTE ASE ERE DY IE ITE TS LES LI DEG EE TE SE LE TTP TT ST ES 


MeOH met eyes © + Ee +85 .6 “Bi Sg a) epi huens) 
H0 PO COreh flea ed +849 cpa e) ihe 
pyridine slays eh! «pishe pe +38.4 +3 4a) neh ee 
DMF Fa] 74a +i) eee +70 ney rele 2) 5 <0 +599 
Henne rr aes 
a) Concentration; 11.16 mg/2 ml. b) Each value obtained is 


an average of two determinations. 
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TABLE VI 
PH and Solvent Effects on the Optical Rotations 


ofelubencidin vupeg | 1202) 


ST PS RNR RBS REE ER A ES 


Ae pH effect?) >>) 


belges lange te legg eter seetcas 


Bist TP aaeZ eae ate x2 cae Ble +48 .4 
3 tO) 20 Oo ao +42 .6 teeh/f mis) +3000 
5 700m +69.0 +446 Ore TOU 
7 +86.] 3 Obes) aS Veao HG “weak ays) 
9 TOOL) sites 9.6 +3700 S209 wet Pa 
1] seh. el (6) Soh | +36.4 nBe Pai aon ee 
is teh +41 .0 "7 OP +24.0 eee | 
Biers OnlnV.2.het effect?) >>) 


Col3g5 [Colg36 [oJeqgg [o]57g lalege 


an ae nt 9 et SPIE SIE TE PTE ESI TT LL I EE ET ELE EAI EAL DE ESE LIL LE LOLI LOLOL LS IER LEE ELLE REL, IIL 


MeOH +90.9 464.4 +40.3 +35.7 Pde? 
H0 +85.8 +59.8 £3720 +32.9 $3725 
pyridine lige aba: +0.4 POG P2453 
DMF L579 451.2 +34.3 See a, 


eR 
a) Concentration; 13.05 mg/2 ml. b) Each value obtained 


is an average of two determinations. 
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pH and Solvent Effects on the Optical Rotations 


of Inosine (3)335)) 


ox-red 


A. pH effect?) >>) 


Co ]365 0 E@Jg3g = U*Ieqg = E@I57g © EO Ig gg 
eT 


pH | H2j15. 23 +174.0 ta cOnl 36 eyo I) #85 40 
3 ticecal eo +140.5 HOW 63 e/ 82 a] “sor Says) 

5 +224 .3 ele 35 +283 .16 e793 34 +70.4 

7 +224 .] +1e4°2 93 arene race) op els § 

p mp (alee a tu]e3.8 60 aie) e 6) ta/el 2 +68.8 

1] #12957 45 tela 03 n/c g20:6 29) HOS. 64 
13 +154.8 tal Ore 3 rly | +54 .0 tpl <6 

b) 


BS eOnkv.ent Moses hc 


aes Wilnsg = Pica, ee Hei 


RE ai i ET a EBLE TIE BP ELE ADC NEE EE OAT D GLEE ETE CAEL ALI BLN RRL. LIBS TT LLG! IIE CREATE I) 


H50 t2¢2n3:..99 HO? £3 wy isiCity S he7 a3: 90 HCO 8) 
pyridine P16 ce/ HoH Af TRO se na dy ©) +22.4 
DMF ful ae mE lw? Thee: t/a +66.8 +64.0 
Ga I I I a I SE TL ET 
ajeconcentration; 10-14 mg/2 ml. b) Each Value obtained 


is an average of two determinations. 


| a 
2.234 AS tighe 2.0614 2. 598+ £ 
§ 0% ho SueBe. é.iet+ 088% ¢ 
t 
e 
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O.at+ 


dt g.21+- Svea euger+ PRBS 
9) a+ », he a fey. ea aei+ S$.8TS+ 
+. €2 1. ia Sere, » bySSTs &, ett 
ay Tae , Side Ps rae £. sate §. eaT+ &F 


(4. ‘6 > 3 ‘os J 


- s+ 2 - _ = > it 7 - = 
&.Ov+ 1 BRM + q.z8a+ 
Sa B-S8+ g), AES $.fEs vats 
Ghat 8, Ja+ evens Vir 
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pH and Solvent Effects on the Optical Rotations 


of UCU aed (136) 


A. pH _effect®)»>) 


peas [ol g36 EAT TG lols7g [Je gq 


aH hy wsevyi2 #0 +86.5 +56.4 +50.6 +48.8 
3 the pir349 +88.0 457.4 451.3 +49 .2 
5 se) elit 09 +88.7 +58.1 $520] +50.1 
hei tial 0:26 +85.3 455.7 450.1 +47.8 
® tn shee +88.4 +57.5 #51.5 #495 
iy Bondi24. 8 +89.9 #5792 #51.1 +48.8 
1 and 383) +92.7 +57..3 +49.0 +48.6 
B. Solvent effect’) :)) 


Lol¢s Lola Lelong [ole lols gq 


PRES EB LS EE ST NT EIT TY ER TE LT TE I FALE Pe PY OEE Ls LE TP IIE TOE PS 


MeOH plans 43 iehiGse TO9 BA 462... 1 Ho 923 
H50 + eee 49 15 #0 1299 ¥3, $5.31 45 BAZ 
PyEbadi nae +24) 63 1 ORG ner hehen2 +64.7 *O2 0 
DMF +22. \pac +439 44 $82.2 wire gi +6929 


queen eee 


aieconcentration; 11.21 mg/2 ml. bjP Each valve obtained 


is an average of two determinations. 
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cumves between 305 eandesegann. wIhis Ssuqgestsuthat 
ionization of the chromophoric bases does not drastically 
affect the long wavelength chiroptical properties of these 


nucleosides... oq. Thus, these longer wavelength optical 


FOtations are Jessesensitive to 10nization of athe: chromo- 
phore than the ultraviolet-CD measurements, an experi- 
Gledtalle).VoeU'S C710 eet aces 

Ine thes protress olvencus H0 and MeOH, and the 


aprotic solvent DMF, these four nucleosides). _v.aq showed 


plain positive rotation curves analogous to those 
Oped i Neg ine agueduss Solutions.  IJhiss indicates that tne 
hydrogen bonding and dipole-dipole interactions between 


Sorvents and nucleosides exert a minor effect on 


ox-red 
their rotations at long wavelength (365~589 nm). In 


pyridine, however, drastic changes in the rotation values 


were observed with adenosine (43), inosine 


ox-red ox-red 


(135) and tubercidin (209). Tubercidin in 


—— Oox-red ox-red 


EnicesOlVent ExiibDited a cross Over in thessianso0n rotation 


between 436 and 546 nm. Uridine (136) was not 


ox-red 
PEpeCtedmarasticdad live Gers ODVIOUS) tiatepyr1Glnemtseno. 
mumetioning, merely as a base Since pare Wiel echanges were 

not observed at increasing pH values. The normal be- 


p 
(136) ine pyridine Suggestse that 


av OVO fs Uridine | ee 


this effect does not result from interactions between 
Sorventeand the acyclic side Chainsne es LON Gain ter 


action with the purine-type compounds is in harmony with 
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the known base-stacking (i.e. t-7 complex formation with 


pyridine) effects relative to the weak interactions noted 
with pyrimidines. Thus, caution must be exercised if 


Cniropseicalestudies sof nucleosides are attempted 


ox-red 
Using pyridine or Othermaromaticm"stacking"” solvents. 


RATESOR PERTOBALE REDUCHION BY NUCLEOSIDES 


The rate of consumption of periodate by anomeric 


Daurs of D-ribofuranosyl] nucheosidese( 42 ands 50; 176 and 


Af 1Gl mang W622 so Se anid 54s) > Jy xosh e140) wands pento- 


furanosy nucleosides having a.2°,3'-trans g4 ycol unit 
(47, 49, and 179) were examined spectrophotometrically 


‘o} 
Ve. The results are 


byecthesmethod of Dixon and Lipkin. 
Summarizedein table LX... Nucleosides having a 2@",3°-c1is 
aglycol¥structure were oxidized completely in ~20 min. 
Nucleosides having a 2',3'-trans diol configuration were 
Oxnaizedemuch more slowly... This is consistent with sthe 
general rule that cis-diols are more rapidly oxidized 


124 


than trans-diols,, Under the conditions used in this 


study #orpreparatton=of nucleosidese. % 07 (in situ), ara-A 


oer yioek (49) andvara~C (1 9) were oxidized completely 


in ~4 days (monitored by electrophoresis). However, the 
concentrations employed in the spectrophotometric assay 

are much lower resulting in a longer oxidation time owing 
to the dilution effect. An alternative procedure employing 


higher concentrations of periodate was noted for compound 


styamoda yd seston Pilea to jaa by Zz 


bas: 90E 608 brn SP) Soto ‘jyeonavuted md to 241 
~or eq tle: boas Dat vag nas bat! +Sat pink ta 
pin Foayte nit ray 4 ‘eatvatl sdbizasfaun [ez 
erisxi 14 sniptonqony eae Manin — tat bas eh “J ki 
aie 2slies? Sar arr aia acahehd dee to bottom 3 
2fa='t, (Ste Dever spats 4t ofaeT nt ‘bea 
ata OS AF Fas anshegst hastb ke 31 ow wiedounde: fet eo 

Bake D npha'eamat Yad NDE teres “S$ '¢ eatva est east oul 
4d, AYP hasetenad at diate ROT E ovat tun Sad oa - 


bios thtaa ne fbtuey, ant ie et aps Tend is 1 nag 


| ard? nt ier nie wet, erat we : T. a 
816 ‘kughay ne) Ts o. Ty ncaa dr 
Ubvdatignds ‘bias Tp 4 he) 


ad ie VOB 


er 


ip 


= Panwa uo} 


SSS SSS 


skep 9 UL paodnpas sem aplsoajonu sad azepoisad ayz 40 4GG~ Led 963 S| LODE (p(6ét) J-e4e 
skep 6 UL psdNpau sem aplLsoalInu sad azepOluad ay jo %Gp~ 122 968°SL BLE °Z (6b) y-0 | Ax 
sAep 6 UL padnpad sem aplsoaljoNu sad azepotdad ayy 4oO 4%Q9~ Lee 968 °SL evl 6 (Lb) y-eue 
£20°1 £2eO°lL = =p20°L = €v6°0— 6 L"0 L€9°0 0€2 89p°2 SL6°0 (pSL) autttAydoaya 
- [Asoueunjoqtu-g-n-/ 
9S0°L 950° 1 SSO" 1 bso’ Lpo°l L86°0 0f2 89b'2 SLOT €St) uct [Aydoayy 
- |Asoueanjoqtu-g-g-/ 
586 0 v86°0 cL6°0 998 °0 ZLL°U GES L O£2 89r'2 pel’ Ll (291)  autptan-n 
LZ0°L LZO°L 690°1 SS0°L 000°1 668°0 02 89b°2 06°0 (191) euLpLan 
LEO°L 9€0° 1 600° Sv8°0 £99°0 bvs'0 ce 892 LL9°0 (ZZL) autpiqho-n 
920°L 920 | S20°L 986 °0 268 °0 bll°0 Lee 89p°2 G86 0 (921) auULpLyAd 
2£0°L CLUSL me ceO f SelS6°0- "G2/'O» #19°0 Lez 89b°2 B6L* | (Ov) y-OxA| 
9€0°L bed’ G20°L bv6'0 €28°0 969°0 Led 89b'°2 S860 (0S) auLsouape-w 
896°0 896°0 896°0 656°0  926°0  698°0 Lez 89p°2 626°0 (2p) | aursouape 
1 _ (wu) (OL xX 9[ Ow) (Ol X 9[ Ow) 
PEWeo St VUPESG OL Ure Gig: ull cg"? ULuG y -uLm | y}bua| sem poppe pappe S9PLSO9|INN 
[> (q 3}ePOtad p2PlS0a{ INN 


Seplsoa,;InNyN Aq uoLINpay azepOtuag 40 SazeyY 


( ce) 


Oe eal 


i) 
- — rs te ; 
a 2, $ = vi wie ¥ csi 
Bm? 2.2 ate ge 


is: een mec ee oy | 
ao.| 2 te: Me eae mt - me 


7et..0 
’ 0.7 e004 ony 4 gRe.e $i" 4 va 


| 
- ii. 9 


<se.1 


hy 4 icv qaa% 
aro! Se0.1 Step Tid, th Ptr % 4a. 
v0.1 sail, | Cae ono, 4 ae bes / aga$ 


wmf SP dard hp <etihe BLS uns 
a . id ) Oe ee or ‘Gots 
it ee 220.1 ae ; = 


ar wi Bes wt EO “ate nats 


eee con 2uW Stoo t Sue ved oS aor ef} Vi THA- 1% so8 a 
=~ 7h a aj | ud 
nee P bidatres ete SHC Pest Se 490 27 Aired tls ta FR tse Aho 
. y ; ra Rit 
Veew A-nl haddbos eee ol Focioen qa etude rng: Matt Ge tde- is ee et = aa 
a i a NOR Rn aR ————— nate : 
a 
7 
- _ 
— 
- o 
on aoe, Sooner inns 
_ 


Tc 


-DuULyxX9 BuLmo, {oy ayy BHbursn PpouULWAdz}ap Juam 0° UL 


(9224) 


aunzpeuadwa} wWOOU ye pawuojuad auam STHoUpINSeows (8S “posi, SOM Jes Si ote | Peet area o emt 


$O 9[0W sad padnpau azepotuad so sajow jo aue SONLPA "“ZOLF> B4aM SAaN[eA UeaW ayy WoUg 


(294) SuiplLin-0 mos sone deoxs *SUOLZOULWUAAZAP Jduuy 4O |VHeuaAe ue st 


SUOLZJELAIG 


See ea pemo toy ssem solieqdosqe ul aiscausep 94} YOLYM Ze YZHuaLanem (q *(wu 


baie LENG ose? eS) i) — eae ao ee 8S5¢ 1% OOL Sk S)eV-OLAX * (WU G2 ea eepope Clee) 
Y-e4e “(wu pLe 78 OOL*B 3) auLL{Aydoayr,Asoueunjoqiu-g-v-/ f2| eel Uc 


aul | [AYdoayy | ASoueunsoqiu-q-g-/ gz, «uu p9c 48 OSO*OL 3) AULPLun-w S(wuU 292 3k OOF‘ QL 


ee OUD tne. (WUE Ae 18 OOd Gee )eou pi ta5-@ ‘Mu oyemoe ago len ed mantpnane gz, (uu 6S2 


789006" ple 3) -y-OxA| ; (US 6G¢2 42 MO CT 3) wawoue szL pue GULSOUBPR FsJUalLItysao0d uoly 


S9PplLsSoOaLINU 40 SUOLJeUZUaDUOD dauyL (e 


PONULJUOS) XI 41aVl 


- a | es ee 7 


mnt dxs en Pwo te “sat om 2 yontayedab acre pe 


000,25 petearee-view 25 is oor ah sen est bas | 
PRE se OO. 8s) antbtayo-s ren a5 10 atten} 


— ed z me 
ni FAN ears what 75 1mm bas. 9e 020,08 » sain r : 
Lae nck vs 


: heats _ bi ORS Fe H0T,5 g) ent? RabowisTyaonnaw this -Bon-S*- 
ats fe o0e.¢@ +) S!ae Fake) -otr est fat S25 ta OUTS CF ¥) A lak pes se 
syisv ne {> Hevnhkis’ -2n@ sonborerds ia B9T359 ans. Avtdie te Aopnstavs nei 
ark } pres tt SF ESF, | stp =a 


La 

———_ a 
oi es - 

ie 


ae 


a3 


that are oxidized at inconveniently slow rates, 123 


Comparison of the spectrophotometric rates of perio- 
date reduction clearly demonstrates the possibility of 
assignment of anomeric configuration of ribofuranosy] 


mueleosides. During the initiar few minutes, ribofurano- 


Syl nucleosides with the 8-configuration (42, 176, 161, 


153) were oxidized faster than oa-anomers (50, 177 


16 2,5 


154) «5 The rate of iperiodate,consumption by .these 
Pamitclieo sudes rafter: Is minal S-asls. 2: st O,e~—1) 26) sbimessafiaster 
than for the a-anomers. The formation of a covalently 
linked, cyclic bidendate complex between the oxidant and 
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cmulycol gives the obligatory intermediate. 
steric effect that would hinder the formation of this 
intermediate or inhibit the approach of periodate would 
reduce the initial raver: Hence, the observed difference 
in the velocity of periodate consumption by anomeric pairs 
of ribonucleosides can be explained by the steric hind- 
fencer ot the o structure. his also eccountsmion tue 
slower oxidation of lyxo-A (140) relative to a-adenosine 


(Cyesince in the former, both 4 -Cioun and the chromophore 
are on the approach-side for the attack of periodate. 

The results of the present study give the following 
order for the oxidation rate (Scheme VIII). However, 
the rapid oxidation of all nucleosides Navin G ecm Cisne oe = 


diol structure (~20 min. completion) suggests that a and 


B-anomers may not be distinguishable with higher con- 
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centrations of periodate. These results demonstrate a 

new method of assigning the anomeric GoOnhigugagnens of a 
Given.anomeric pair of ribonucleosides using Spectrophoto- 
metric measurement of the rate of periodate reduction at 

7 = 


a concentration of ~10 ° M 10, 


OH 
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EXPERIMENTAL 


GENERAL PROCEDURES 


Melting points were taken on a Reichert microstage 
apparatus and are uncorrected. A Cary 15 spectrophotom- 
eter was used for the determination of UV Spectra and 
reduction rates of periodate by nucleosides. CD and ORD 
data were obtained on a Jasco ORD-UV-5 (CD ss-20) spec- 
tropolarimeter at room temperature (23~25°C) using a 
imcnmecetie ©Cptical wotationsswere taken on aererkin 
Elmer Model 141] polarimeter using a 1 dm, 1 ml microcell. 
Proton NMR spectra were recorded on Varian HA-100 (100 
MHz) or Perkin Elmer R32 (90 MHz) instruments in DMSO-d_ 
with TMS as an internal standard or D0 with DOH as 
standard (6 4.8 ppm). Electron impact mass spectra were 
obtained by the mass spectrometry laboratory of this 
department on an AEI MS-50 instrument using direct probe 
Sample introduction at 150-200°C. Chemical ionization 
mass spectra were obtained on an AEI MS-12 instrument 
using ammonia as the ionizing gas. Elemental analyses 
were determined by the microanalytical laboratory of this 
department. 

Electrophoresis was performed on Whatman No. 1 paper 
using a Savant flatplate apparatus (HV-3000 A). Evapo- 
rations were effected using a Buchler rotary evaporator 


equipped with a dry-ice condenser under water aspirator 
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Or O11 pump vacuum. Hydrogenations were effected using 
a Parr shaking apparatus. Diffusion crystallization! *? 

Was Carried out using @lcohol with ether diffusion. 

Silica gel column chromatography was performed on JT Baker 
No. 3405 silica gel (60-200 mesh), and alumina column 
chromatography on Merck Aluminum oxide (acid-washed). 

Anion and cation exchange chromatography were carried 

out using Dow chemical Dowex 1x2 (OH ) and Dowex 50Wx8 

a) resins, respectively. Barneby-Cheney AU-4 charcoal 
for absorption of nucleosides and column chromatography 

was conditioned prior to use by heating at reflux with 

IN HCl for several hours, washing with water to neutrality, 
refluxing with-?W-Na0OH for several hours, again washing 
with water to neutrality, and then washing with methanol, 
chloroform, and air drying. All solvents used were of 
reagent grade. Solvents (water, methanol, DMF, pyridine) 
used for spectrophotometric and polarimetric study were 
forthe, purified, Water was refluxed over potassium 
permanganate and distilled twice. Aqueous solutions of 
specified pH and buffer solutions (pH meter) were prepared using 
this water. Methanol was refluxed over and distilled 

from magnesium metal turnings. DMF was redistilled. 
Pyridine was dried over potassium hydroxide pellets for 

18 hours and then distilled. Thin layer chromatography 
(TLC) was performed on Merck precoated plastic sheets 


(0.2 mm) or glass plates (0.25 mm, silica gel 60 F-254). 
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Developed chromatograms were evaluated under UV light 
(254 or 366 nm) or by spraying with a 5% solution of HSO0, 
in ethanol and heating the plate to 100-200°C. Solvent 
systems ‘used’ Tors TLC were Solvent Sy: the upper phase 

of ethyl acetate/n-propanol/H.0 (42s 298s olvent So: 
isopropanol/chloroform/conc. aqueous ammonia (10:10:1), 
solvent S3: methanol/cnl oroform (327). Soditin meta= 
periodate (BDH Chemicals, LTD., England) was used for all 
periodate oxidations, and sodium borohydride (Fischer 


sorentit ice Company, U.S Ame) was used “for tal lmereductions 


of the periodate oxidation products. 
NUCUEOSTDE MATERTALS 


5-Azacytidine was purchased from Aldrich Chemical 
Company, Inc. 8-Azaguanosine and 8-azaadenosine were 
kindly provided by Dr. J.A. Montgomery, Southern Research 
Mio ciecuve. Adenosine, /-3-D-ribofturanosyltneophy | lime, 
7-a-D-ribofuranosyltheophylline, a-L-uridine-5'-phosphate 
dilithium salt, B-L-uridine-5 -phosphate dilithium salt, 
and a-L-cytidine-5'-phosphate dilithium salt were kindly 
opovidedaby Dr. Be Shimizu sand) Dr. Mo Kaneko ywoankyo 
ComellD.. Japan. Other compounds Were-aVallab lesa neour, 


laboratory or were synthesized as described (Vid Gama nl terean) i 


ROTATION MEASUREMENT AND PAPER ELECTROPHORESIS 


——————— 
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Preparation Of mucleosides a (eines itu) 
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Method 1. To a nucleoside (<80 umol) in a 2 ml volumetric 
test tube was added a sodium periodate solution (1.2 ml, 
1.2-1.5 eq.), and the mixture was stirred magnetically 

at room temperature while protected from light for 1.5 
hr. Sodium borohydride (6-8 mg) was added and the 
solution was stirred for 30 min. Excess sodium borohydride 
was destroyed by the slow addition of 1M sodium dihydro- 
JeMmepnosphate burrer (pnr6.5) (~0.5 7m). and tne solu- 
tion was stirred for’ 30 min. The volume was ithen 

@aqgustea to e€xdactly 2 mi=by addition of the buffer solu- 
@y7on-and Stirred foresan additional 30 min beforessub-— 
jection to the optical rotation measurement. Nucleo- 


sides (in situ) for ORD measurement were prepared 


ox-red 
in the same manner but eight to ten times less nucleoside 


Wes USEed. A reference solution for the ORD measurement 
was made following the same procedure with omission of 


the nucleoside. 


Method 2. Ara-A, xylo-A and ara-C (as its HCl salt) were 
treated in the same manner except the oxidation was con- 
tinged for 4 days using. 1.5 equivalentsvon thes pei odate 


Sout Lon. 


Optical rotation measurements 


(ins 1,tu) 


Giubed Ly OtatLOn Ss .O te ali nucleosides, aq 0a) 


were measured at room temperature (23=726 210) sabe 
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reference solution showed no optical rotation and was uSed as 


a base line for the ORD measurement. Specific rotations 
were calculated based upon the theoretical weight of 
nucleosides). vag produced = Specific rotations: were 


Obtained for wal lonueleos ides (in situ) at the wave- 


ox-red 
length of -the- sodium D line (589 nm). ORD curves (300-600 


Hitjoeand/orn speci fire rotations at wavelengths other than 
989 nm (365, 436, 546 and 578 nm bands of mercury) were 


Gingksi tw) 


recorded to examine whether nucleosides 
5 ox-red ‘— 


gave negative or positive Cotton effects (or plain curves) 


in these regions. 


Paper electrophoresis 


Paper electrophoresis of all nucleosides, ag 


(in situ) and their precursor nucleosides was performed 


on Whatman No. 1 paper (25.5 x 56.5 cm) using 0.1M sodium 
D@rabtewcdublhnd.3snateab.2-1'> KVOTOU deb Behn Solutions 

of the compounds were applied as spots 10 cm from the 
cathodic end of a paper. 4 Migrations-were measured) rela- 
tive to that of uridine as a standard (which migrated 


(Ai NeeSaeb Ul) 


~12-cmitoward the anode).«,,Each nucleoside ys. .4 (in 


migrated as a single spot. All ox-red products were 
observed under UV light (254 nm) except 5,6-dihydrouri- 


(ingesitu)eandsits sprecunsocenucleosidesawhich 


130 
were detected by the method of Fink et al, and methyl] 


8-D-ribofuranoside (inesituieend (ibs eprecurcor 
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glycoside. 


A compilation of the above results are summarized 


Tteetabtve lil’, 


pH AND SOLVENT EFFECTS ON OPTICAL ROTATIONS OF 


SE EE es Ea ee i ee 2 0 dS 


ADENOSINEgy_pep (43), TUBERCIDINDy ppp) (209), INOSINEDy pep 


(135) AND URIDINEoy pep (136) 


BQueOUS "SOlUL Tons used were: ="pHy 1 *C0. TN HC I) 
Cro.) M NaH 5P0q aC PUSH eCs Wi lih OPN 1. Ctl) te sO imo am Cent 
NaH5PO, POJUSTEC: Wittin Ue lNe Na Oli) (PHi 7ee( Ural i NaH,PO, 
adjusted with 0.1N NaOH), pH 9 (0.1M Na,HPO, adjusted with 
O.1N NaOH), pH 11 (0.1M NanHPO, adjusted with 0.1N NaOH) 
and pH 13 (0.1N NaOH adjusted with IN NaOH). 

Water, methanol, N,N-dimethylformamide (DMF), and 
pyridine were used in the solvent effect study on optical 
hotetrons. cro tie trele compounds. “simce ene quanti uy 


Greecrystalrline ros ine (10-14 mg/2 ml) used was not 


ox-red 


readily soluble in methanol (other than aqueous methanol), 
only water, DMF and pyridine were used. Each sample 

Was evaluated in the following way: Methanol solutions of 
and uridine were 


adenosine tubercidin 


ox-red’ ox-red ox-red 


prepared. Exact aliquots of each solution were pipetted 
into 2 ml volumetric test tubes and the methanol was 
evaporated at room temperature. The test tubes contain- 
ing the residue were dried over P50, under vacuum at room 


temperature overnight. The concentration of the aliquot 
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taken was redetermined by the extinction coefficient of 


nucleoside (adenosine 


ox-red elb,200Fatco0mnn an 


ox-red 


> CML SOO ae areeh ih iin) win 


H50, tubercidin Garand 


ox-red 2 


PING ae ee OO eatecoe nie. H50). Ino sa nen ed 
wes weighed directly into the 2 ml volumetric test tubes. 
Each sample was dissolved in 2 ml of the appropriate pH 
Solution or solvent. Optical rotations were measured 

at room temperature (23-24°C) at 365, 436, 546, 578 and 
589 nm. After the measurements, paper electrophoresis 
was performed to confirm that there was no decomposition 
GOrarydrolysis OT the compounds; tn the pH solutions and 


solvents used. 


The results are Summarized in Table V-VIII. 
Foie wOREPEREGDALESREDUCTION BY..NUCLEOSLDES 


The rate of reduction of periodate by nucleosides 
(adenosine and its a-anomer, lyxo-A, uridine and its 
a-anomer, cytidine and its a-anomer, /-8-D-ribofurano- 
syltheophylline and its a-anomer, ara-A, xylo-A, ara-C) 
was estimated spectrophotometrically by the method of 


Dixon and Vaalstin 2" 


Method 1. Nucleosides with the readily oxidized 2',3'- 
cis glycol unit (adenosine and its a-anomer, lyxo-A, 
uridine and its a-anomer, cytidine and its a-anomer, 
7-68-D-ribofuranosyltheophylline and itS a-anomer) were 


followed over a 20 minutes time course. 
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ROU Guartz Cell Salo omepathesmengthi pleco mde] 
Capacity) were used. Cell, was filled with water and used 
aseide blank. A 0.6 ml aliquot of aqueous nucleoside solution 
(containing ~107’mole) was added to both cells and cell,. 


Water (0.6 ml) was added to both cell» and cell hep 6 


3° 
HolGGuol. Of 4. lee ‘Moe M NalQ,/H.,0 (2546 eux Foes mole) was 
added sto cell.. Le eS.O lub ON Se aN cell, and cell, were 

mixed (independently) and their absorbances were recorded. 
Then, 0.6 ml of the same periodate solution was added to 
cells the contents was mixed rapidly and the absorbance 

was taken immediately and at regular time intervals (min). 

An appropriate wavelength was chosen where the absorbance 

of the nucleoside was minimal and the absorption of 

periodate anion was close to its maximum value (the perio- 
date anion has a maximum absorption at ~223 nme), 

When the absorbance of cell, nadedeclineédeto cds cons vant 
value, the oxidation was considered to be complete. Re- 


Gyetion of the ecuivalents of periodate per enucleosidegat 


a given time was calculated as follows; 


A 


red = (Acell, + Acel13) ~ Acell, (at the constant wavelength) 


2 
where Ared; the decrease in absorbance by reduction of periodate 


Acell43 


Acel13; the absorbance of cell, 


the absorbance of cell 


Acell,; the absorbance of cell, 
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Ared 


nities. «C= «ULEhe periodate fraction which was reduced 
Acell, at zero time 


Mets. 


Ared added periodate (mole) the ratio of equivalents 
a aa ee UCedmpergsiogate 
Acell., at zero time added nucleoside (mole) per nucleoside 


The absorbance of cell, was monitored over a period 
of 25 min to ascertain any change in absorption of perio- 


hss hey 


date anion due to changes in temperature. However, 


there was but a negligible change. 


Method 2. Nucleosides with a slowly oxidized 2',3'-trans 
glycol unit (xylo-A, ara-A, ara-C) were studied by an 
analogous method over a period of several days. Aliquots 


6 mole) were added to 


CSaipiyeot a nucleosidessolution  (~10" 
10 ml volumetric flask, and Flasks. Water (5 ml) was 
added to 10 ml volumetric flask, and flasko. A 5 ml por- 


6 mole) was then added 


tion of periodate solution (~10. 
to flasks and flask3. All the solutions were mixed wel! 
and protected from light except while rotations were being 
measured. The absorbances of all the solutions were 
recorded every 24 hr using water as a blank. The periodate 


reduction was calculated as in method 1. 


The results are Summarized in Table IX. 
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SUN TRESES 


Preparation of 6-methylcytidine (178) 


This compound was prepared by the general Hibert- 


Johnson silyl ether method of Niedballa and Vorbriiggen, |2¢ 


133 (Giec5) dg, LO mmole) was esin yiaced 


6-Methylcytosine 
by refluxing for 3 hr with hexamethyldisilazane (HMDS) 
COomi) and trimethylchlorositane (TMCS) (7 ml)iwith exctu- 
Sion of moisture. Excess HMDS and TMCS were removed under 
reduced pressure to leave the silylated 6-methylcytosine 
eomonerystalline solide) Ai solution of 1-O0-acety l-2. 375 - 
tri-O0-benzoyl-&-D-ribofuranose (4 g, 8 mmole) in dry 
CHCN (60 m1) was added to the silylated 6-methylcytosine, 
and the mixture was stirred. Then, the mixture was cooled 
Viwenerce bath, and stannie chloride (1-3 mijean=dny 
CHCN (8 ml) was added. An additional portion of stannic 
erponade (1 ml) in dry CHEN (8 ml) was added after 1.5 
Dieeeiie reaction mixture was Stirredgat) 25, Co formei2 nr 
and evaporated under reduced pressure at _~25°C. To this 
residue was added 1,2-dichloroethane (200 ml) and the 
solution was treated with saturated aqueous sodium bi- 
carbonate solution (300 ml). The resulting emulsion was 
filtered through a Celite pad. The organic layer was 
separated, dried over anhydrous sodium sulfate and evapo- 
rated. The residue was chromatographed on a column of 


alumina (18 x 4.5 cm) which was eluted with ethyl acetate/ 
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h-hexane (2:1) (700 ml), followed by ethyl acetate/ 
Metiandts (9s )etoegiver2 9360 of 1-(2,3,5-tri-O-benzoyl- 
B-D-ribofuranosyl)-6-methylcytosine as a solid foam. To 
1.12 g of this foam was added methanol (50 ml) saturated 
with ammonia at 0°C. The solution was sealed in a steel 
bomb and heated at 60°C overnight. The solution was 
evaporated to dryness and the residue was partitioned 
between water (10 ml) and 1,2-dichloroethane (20 m1). 
The aqueous layer was concentrated to a small volume and 
appited to a column Alyx 2.5 cm) of Dowex. Tx2e one )e 
The column was eluted with water. The appropriate frac- 
tions were collected and evaporated to dryness. The 
residue was crystallized from methanol/water to give 319 
mg of 178. The remainder of the 6-methylcytidine tri- 
benzoate was treated in the same manner to give 725 mg 
cimivcomcoverdai| yield.) 0440g, Sle trom U-U-ocety ie. 
3,5-tri-O-benzoyl-g-D-ribofuranose): MDZ oo 7 oe 


23 133 


[Lo], ma Ages (CaO 28:5 H50) [idee Mp 2302252. Cede Cans 


[uJ>” -41.5° (c 1.55, Ho0)Js CD (0.0739 mmole/2, H,0, 


room temperature) [6Jo79 =O 5 FX 10°, [8locg Tec ex 10°, 


; 3 
35 tgp Elite ec C0 (150) Mel pee liccmx a) Ome 


3 : 
Hepes 008) x TOSVe De LpeyelSv0 x10. 1a OVaNn DO ymeg eeZUemm 


emo 500). 230 Nite, os ou0). (05 1N HO ee 277 nm 

Ce 45500), (0.1N NaU Breer 272 nim (eos 00l) conn 

(c 9,300); NMR (DMSO-d_) 6 2.23 (cues 6-CHa), 38527 (mn. 

qe woes H's); 37722im, 1, 4°-H)s 4709 Tima Suet ie 4 260 
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le Ty ee eres (iin 24 ante OOS) Saat) (el ihc al = PRL. 


Ewer. 7) Cd. |, Died = Gabbe Ee veers Mealy Samhh, 


7.10 (s, 2, NH); MS m/e 240.0747 (M”-NH3), calcd for 


Cy Hy oNoOc: 20.007 4 Comin Ca Cat Or 1G 0 Ce 


10445N395: 
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Preparation of 3-8-D-ribofuranosyl-6-methyluracil (171) 


and 1,3-bis(g-D-ribofuranosy1l)-6-methyluracil (172) 


An attempt to prepare 6-methyluridine by a reported 


13265 


method Gave only the title compounds. 


13% (1.28 g, 10 mmole) was silylated 


6-Methyluracil 
with HMDS (6 m1) and TMCS (1 ml) by refluxing the mixture 
Poroc hy witheexclusion lof moisture. After venovaliear 
excess HMDS and TMCS, the silylated 6-methyluracil was 
OMesst eC at Ge ODL dil Ninceom Ou Ot mol Odd tae) O Bt Sar Lue Dima 
Tem auhewds cddeds lavaacely i239 ttl 0 benZoylo2 ai 
wibofuranose (4 a, G mmole) in dry CHCN (2.0in laeaan 
Ucn emchilOmd@.( lesan )s-1 n.d hy CHCN (60 ml) with stin- 
Pic neasOLuUt on wasmounen Stirredsatecdc, Galore ceanr. 
After work tio the oily residue was chromatographed 
Onmdneabumina column (22x 4.5 cm). \Plution Wwassetneated 
with n-hexane/ethy] acetate (9:1) (600 ml), ethyl acetate/ 
m/nexane (2:1) (700 mi) and Tinally ethyl acetate/methanol 


(Ost \eeand 18 ml. fractions, were collected ihractiaonss 47-00 


were combined and evaporated to give 0.88 g of 1,3-bis- 
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(2,3,5-tri-O-benzoyl-8-D-ribofuranosy1l)-6-methyluracil 
as (a whOam. 

This foam was treated with absolute methanol (25 m1) 
and sodium (0.12 g) was added. The mixture was sealed 
and kept overnight at room temperature. The resulting 
solution was evaporated to a small volume under reduced 
pressure at room temperature. Water (30 ml) was added and 
the solution was neutralized with Dowex 50W x 8 Hae) resin. 
The resin was filtered and the solution was extracted with 
CHoCl, (20 ml x 2). The aqueous layer was evaporated to 
gaverc 95 gp Of, 1J/2sasya foam (192 from 1-O0-acetyi-z 73 ,5- 
tri-O-benzoyl-8-D-ribofuranose): TLC Re = 0.18 (solvent 


Sy)> Ae og 0.48 (solvent S3)5 UV (Ho0) 265. nitid ey 1,200), 


max 

Zhe tied Shy) (ce 18% 900)6 ZORDA ce 0.0225, H,0, room temperature) 
4 cod 
[¢]og3 -2.600, [¢]osg 2,300, [o]oo7 -7,700 [lit. 

(pH Tg) ees 2 OS Nea OC mrem4 2 Oi )us oo 7.s OGucriniie 0G) memes aro O))remm) 0 
(c 0.075) [o]og5 -5,300, [elogg 5,100, Lo]loo7 -12,900]; 


OP 22) WSs, 8S; 6-CH3); Sas Oaibe. ZORRO: 


UV 


NMR (DMSO-d_) 
Sugareprotonsy.s>S-46el(d, ds ages as A HZ ey OF Na oiboe 
SVdWepoe0 Ge ste lee o-Hoe b402a (dewla Jytlos = Ae hz lib OT 
Nz-ribosyl). 

Fractions 80-105 were combined and evaporated to give 
PE ASOT Toe 3-(2,3,5-tri-0-benzoyl-8-D-ribofuranosyl)-6- 
methyluracil as a foam. This was debenzoylated using 


Soda umeinemethanol.,wasedescribed,abovee(forgd/2)5 topgive 


980 mg of 171 as a foam (48% from 1-O-acety1-2,3,5-tri- 
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zee tc0y!-f-D-yrporturanose): = Tc Arson Chis (solvent Si); 
Re = 0.61 (solvent $3); [a]4? -26.6° (c 0.12, 1,0); UV 


2 
ig pai 


POC NMe teu OO Oy teem Oath HCl) 264 nm (ec 7,400), 
(O0.1N NaOH) 


ax 


max 289 nm (€ 7,900), 224 nm (e 5,900) [1it.!33 


[o]6’ -27.6° (¢ 1, H50), UV (pH 1 and pH 4). 265 nm 


max 
eS, Sey AGLOD heey val Gita Pel ZOCmtMe te 9.5000), “One aD 289 nm 


max max 


Meni soUU |.) CD CaOmO 7 oaemmo e/.t. H50, room temperature) 


rape, oe i867 {, ee. (aden, 206 *x 102 crit. 18 


[8loge -4.3 x 
10°, Pope), fet2-x 102}; NMR (DMSO-d) 6 2.00 (d, 3, J < 
1 Hz, 6-CH3), 3.30-3.80 (m, 3, 4-H and two 5'-H's), 4.08 


(Scere itsur = "O Hiz ete) eed 4.3) (did Se = 70° Hz 3 


Jyilos 
Jor 3! 76 (HZ 5 2-H ) roti ( die ™l ae J @<. §) Size aoe Hem Gy 04 
(d'? 21) Jy1_os = RAE HZ ae He) st pe | DS ee Tee Nie omNSaenn fee 


> . 
24050738 "(M -H50), Calcd ror City oNo0c: 240707 46. 


Preparation of 6-methyluridine (173) 


This compound was prepared by the method of Winkley 
and Robins. /?° 

To 6-methylcytidine (220 mg, 0.86 mmole) in 2N 
acetic acid (35 ml) was added sodium nitrate (593 mg, 8.6 
mmole), and the reaction mixture was sealed and stirred 
at room temperature for 2 days. The solution was 
neutralized with 1N sodium hydroxide solution and the 
volume was reduced by evaporation at 35°C. AU-4 charcoal 


(2.5 g) was added and the mixture was SUrvre cath tmaumnin 


The charcoal was collected, washed with water, and 
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extracted for 15 hr with ethanol/conc. aqueous ammonia 
(9:1) (150 m1) in a soxhlet apparatus. The extract was 
evaporated to dryness. The residue was dissolved in 

water and applied to a column (18 x 2.5 cm) of Dowex 50Wx8 
ies) 2 The column was eluted with water and the appropri- 
ate fractions were collected and evaporated. The residue 
was crystallized from methanol with ether diffusion to 
give 50 mg (22%) of 173: mp 178-180°Cs [a]6* -45.8° (c 


Mca 0) 014 t. 


135a 


Mog wels. [io], een etc nate Onn 


Mp lo = hore Creme De e(C.80 07.5.9 emnrode/ens Ho0; room 
3 3 


Vit 
temperature) [logs =O. se ue Cats [8locg OSE eet aes [elo 


Boece O° (lito ce ie ee T Om 1022 


[8lo5q 
[6]5,q -10.0 x 10°]; NMR (DMSO-dg) 6 2.26 (s, 3, 6-CHa), 
e400 -3 G08 (mi) oo 4 %=He and 8twoe 5" =H's) 5 4206 Gel =o 
Hz, te Hyre is58. (in, W2eZeFSH Wars) fo’v.er Ita'ppied, Wiith. OH), 4.90 
Cine elee= Gotz POH), eo. (die 1s 80 = Onn Zee Heenan ends 
eS Jyi_o SAO Sale Seo er 5 Ata SOs eo 211) ena 2 Ome Cea a 
Ney aMSem/e *227%. 067 2 (M"-CHOH), ereubligene) vanes © CgH,,No0c: 
woveeGooe “Anal. Calcd for City gNo06°1/4 H05 Grrr Oey ae 
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Preparation of 6-azauridine (182) 


The method of Niedballa and Vorbriiggen! 242 gave l- 
(2,3,5-tri-0-benzoyl-6-D-ribofuranosyl)-6-azauridine in 
80% yield. Methanolysis of this 6-azauridine tribenzoate 


(1.12 g, 2 mmole) using sodium methoxide (6 mmole) in 
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absolute methanol (30 m1) followed by crystallization of 
the product from methanol gave 420 mg (85%) of 182: mp 
159-160°C; [oI4° -134.7° (c 0.13, pyridine) [1it./3°> mp 

° 2 5 ° : . e 
eo ye ce a CaO mp yTldin elisa Uy (HO) 3, 262 nm 
emo 00). CD CC 0. reyemmoley vs H»0, room temperature) 

3 oe bo.e 3s 

[eloeg iC 0 Xe Ose aac [eles -10.0 x 10°]; NMR (DMSO- 
d¢) Co, SOEs 2 se UWOmom ans iy Oe OM.) le ede) Raed OOM tie 
eect) Wee OT ie | eee rab 0 (ine le OH edn S (ose 


Ieee ee oe 20S DS = teste oO (dee 1s SAH Z eee le =H) i 


eae 
7.56 (s, 1, 5-H); MS m/e 246.0723 (M’+1), calcd for 
Coli oN0¢: 246.0726. Anal. Calcd for CoH, .N30,: 

ol oo eee 5 NG S17: See eee ound s 9) CR LS8O,06.) He 4. 63) NN: 
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Preparation of 3-methyl-6-azauridine (184). 


A mixture of 6-azauridine (247 mg, 1 mmole), N,N'- 
dimethylformamide dimethyl acetal (0.96 g, 8 mmole) and 
dry cilorotorm (5 ml) was gently refluxed for 7 hr while 
protected from moisture. The resulting solution was 
evaporated to a syrup, which was dissolved in water (6 m1) 
and kept overnight. The aqueous solution was evaporated 
and the product was purified on a preparative TLC plate 
(Whatman PLK5F, silica gel, 20 x 20 cm) using solvent 
system Sy: The main UV absorbing zone (Re = 0.65) was 
collected and the product eluted with methanol. Evapora- 


tion of the methanol extract and crystallizatponsot «the 
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residue from methanol with ether diffusion gave 209 mg 
(80%) of 184: mp 125-127°C; [a]o> -125.6° (c 0.11, 
pyridine) crit. 36 


UV (MeOH) 


Say, AOS INT (Ce 6,500)3 NMR (DMSO-d, ) OMS a OMS 


Sh CH), O47 aM c ee tUW Om S8) 463, Oat Oana om Ze 

ets) 4.04 (GS. ile J = 5 invA. Bast Ate, (idedss le Jyilos = 

Seo HZ. Jorg =m Zeer) se 4i9.001((DS1, 5.48) thee CHnO Hicesa)e 

Sn ASIA re Ea Bee Jyrlos Sey aba, Poe enrba ony MiG Ub Re pra TIS 
of 
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Preparation of 6-azacytidine (183) 


6-Azacytidine was prepared by the method described 
above for 6-methylcytidine (178). 
6-Azacytosine!~’ (300 mg, 2.7 mmole) was silylated 
ecmoeschi ped: ins themabpoVerprepdreat On. Og ly Comer LeT ere 
moval of excess silylating reagents, the product was 
suspended in dry 1,2-dichloroethane (3 ml) and treated 
with 1-O-acetyl-2,3,5-tri-0-benzoyl-8-D-ribofuranose (era) 
g, 2.4 mmole) in dry 1,2-dichloroethane (15 ml) in the 
presence of stannic chloride (0.3 ml), followed by addi- 
t7onal stannic chloride (0.3 mi) after 2 hr. inesreaction 
mixture was stirred at room temperature for a total of 


20 hr. The reaction mixture was diluted with 1,2-dichloro- 


ethane (20 ml) and treated with aqueous saturated sodium 
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bicarbonate solution (40 ml). The resulting emulsion 

was filtered through a Celite pad and the Organic layer 

was separated, dried over anhydrous sodium sulfate and 
evaporated. The residue was applied to an alumina column 
(15 x 2.5 cm) and the column was eluted with ethyl acetate/ 
n-hexane (2:1) (200 m1) followed by chloroform/methanol 
(9:1). Appropriate fractions were collected and evapo- 
Marede lor dryness™ tomqiverra crystallinesolid=  Ihas was 
recy lized fromego,eechanol to giverl. 18° ¢ (eon) oF 
1-(2,3,5-tri-O-benzoyl-8-D-ribofuranosyl)-6-azacytosine 

(inp *29= 220°C) “Avsample or this 6-azacytidine tribenzoate 
(550 mg, 0.99 mmole) in methanol (60 ml) saturated with 
ammonia at O°C was sealed and kept at room temperature 

for 3 days. The solvent was evaporated, and the residue 
Wasedissolved in water (10 ml). The aqueous solution was 
extracted with CHAC15 (10 ml x 3) and evaporated. The 
residue was crystallized from methanol to give 217 mg (90%) 
OMIMSSE™ mpy222-224~€ Piet mp 222-2c4-C=\(decy"); [als° 


263 nm (c 7,800), (0.1N 


=a 778 ES CCPOPUS TE HAO), UY (H,0) 


2 max 


Heng sey 2Poenn ae 6. O00)e Oc N. Nasnveay CHS hi (ee U0). 
Dasenme(e J,300)39CD (Cc 071049 mmole, 25 H50; room tempera- 
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ture) [elo4g = Gree Oers aNMRG CDMS OSC 7a) Os a Ca Te 
Sees )eeo.7 6 (dG, ls, wa = =oeHz, QE Hi) ese Oe Cea een eee et 77 
See) Paseo * (tee) Fede H=5 2, DNA H) Peano? (DS's) | Seana eo 
(Gert Uwoson Se) hb N9en(d, Teed): 59-1 or t2. Menez on 
aa 
(mye o-H), 7.90 (bsee2, NH»); MS m/e 226.0697 (M -H»0), 
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calcderor CoH oNg0q: 226.0702. Anal. Calcd for CoHy oNyOc: 
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Preparation of 6-methy1l-2-8-D-ribofuranosy1-3- 
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pyridazone (188) 


LOmomes OW UstaOneLOt 6-methy1-3-(2H)-pyridazone!" 


(3iCO0sma, 
2.7 mmole) and 1-Q-acety1-2,3,5-tri-0-benzoyl-g-D-ribo- 
FUVANOSE (1.00), 2evammole) in dry CH3CN (30 ml) was added 
Stannic chloride (0.4 ml) and the solution was stirred 

at room temperature for 24 hr with exclusion of moisture. 
Additional stannic chloride (0.4 ml) was added and the 
solution was stirred at room temperature for 24 hr. The 
SOlution was evaporated at 30°C under reduced pressure. 

The residue was dissolved in methylene chloride (40 m1) 

and treated with saturated aqueous sodium bicarbonate 
solution (40 ml). The resulting emulsion was filtered 
through a Celite pad. The organic layer was separated, 
dried over anhydrous sodium sulfate and evaporated. The 
residue was chromatographed on a silica gel column (18 x 
2.5 cm). Elution with ethyl acetate/n-hexane (2:1) and 
crystallization from 95% ethanol gave 700 mg (47%) of 6- 
methyl-2-(2,3,5-tri-0-benzoy1-f-D-ribofuranosy])-3- 
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The above compound (320 mg, 0.58 mmole) was de- 
benzoylated as described in the above preparation of 6- 


azacytidine (183). Crystallization of the product from 


methanol with ether diffusion gave 112 mg (79%) of 188: 
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Preparation of 2-8-D-ribofuranosyl-3-pyridazone (1 9) 


This compound was prepared in an analogous manner 
to the above preparation of 6-methyl-2-g-D-ribofuranosy]- 
3-pyridazone (188). 

howa solution of 242H Ye Sy Piddzome lay (255 9ngee2.7 ~mmole ) 
and 1-O-acetyl-2,3,5-tri-Q-benzoy1l-8-D-ribofuranose (Woah °° 
2.6 mmole) in dry CH3CN (30 m1) was added stannic chloride 


(0.4 m1), and the solution was stirred at room temperature 
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for 24 hr with exclusion of moisture. Additional stannic 
chloride (0.4 ml) was added and the solution was stirred 
at room temperature for 48 hr. After work up, the residue 
was chromatographed on a silica gel column (19 x 2.5 cm). 
Elution with ethyl acetate/n-hexane (2:1) and crystal- 
lization of the product from ethyl acetate gave 165 mg 
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The above compound (160 mg, 0.30 mmole) in methanol 
(30 m1) saturated with ammonia at 0°C was sealed and kept 
ak room temperature form 3 days, After Work. wp. cnystal—- 
lization of the product from methanol with ether diffusion 
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1, Jgig = 2 Hz, Jg_¢ = 4 Hz, 6-H); MS m/e 229.0830 (M+1), 
calcd for CgH,.N,0,: 229.0824; 228.0748 (M’), calcd for 
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Preparation of 1,3-dimethylpseudouridine (190) 
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A mixture of pseudouridine (73 mg, 0.3 mmole) and 


|Z 


»N'-dimethylformamide dimethyl acetal (0.42 g, 3.5 mmole) 
in absolute methanol (5 ml) was refluxed for 24 hr while 
protected from moisture. The solution was evaporated 

and the residue was applied to a Dowex 1x2 (OH ) column 

(9 x 2.5 cm). The column was eluted with water. Appro- 
priate fractions were collected and evaporated to give a 
Sou d. yekecrySta huyzation of sthis sppnoductaf yom methanol 


With ether sgditfusion gave 45, mg (56%) sof 1,90. .mp 1d 
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Preparation of 5,6-dihydrouridine (187) 
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This compound was prepared by the reported method. 4! 


Uridine (161) (488 mg, 2 mmole) in water (50 ml) was 
hydrogenated over 5% Rh-A1503 (100°mg) at 259psi8tor 2 
hr. The catalyst was filtered and the aqueous solution was 
evaporated to give an oil. The oily product was applied 
Coma isiiiircai tgele column? (201 x 2iecm)ylandittiie: columniqvas 
eluted with methanol/chloroform (3:7). Fractions (10 m1) 
4-16 were combined and evaporated to dryness under reduced 
pressure to leave a yellow foam. The foam was dissolved 
in aqueous methanol and decolorized with charcoal. The 
charcoal was filtered and the solvent was evaporated 
to give 473 mg (97%) of 187: TLC Ry = 0.38 (solvent S3)3 
Will poe Sq oeabiaaront ° 
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Preparations of l-methylformycin (155) and 2-methyl- 
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formycin (156) 


These compounds were prepared by the method of 
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Townsend et a1, 142 Better separation of the two compounds 


than that reported was effected on a Dowex 1x2 (OH) 
column using stepwise elution with aqueous methanol as 
noted below. 

A mixture of formycin (508 mg, 1.9 mmole) and sodium 
(56 mg, 2.4 mmole) in dry ethanol (12 ml) was stirred at 
room temperature for 30 min. Methyl iodide (270 mg, 1.9 
mmole) was added to the resulting solution, followed by 
dyeadaitional portion ofmmetny| “odide (270 mgm. 9 mmole) 
erter T.oehre. Fhe solutton was stirred overnight at 
room temperature and evaporated to dryness. The residue 
was dissolved in water and applied to a column of Dowex 
Tx2( 00 *)' "02.0 "xea75 *cnr) 29 The icolumn -was sel utedewitn water 
(600 mi) mahOs) ag. methanol) (200 ml) "302" aae methanol 
OrZ00 mry and finally 802"aq. methanol. sandeoemle ty acwvons 
were collected. Fractions 390-468 were combined and 
evaporated to dryness. The residue was crystallized from 
methanol with ether diffusion sto give 292 mg *( 557) “of 
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Fractions 553-732 were combined and evaporated to 
dryness. Crystallization from ethanol-water gave 81 mg 
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Preparation of a-L-uridine (163), B-L-uridine (164) 


ee ana nee 


and a-L-cytidine (180) from their 5'-phosphate salts 
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Each nucleoside-5'-phosphate dilithium salt (~10 mg) 
was dephosphorylated with bacterial alkaline phosphatase 
(0.1 ml, solution of enzyme supplied by Sigma Chemical 
Co.) in 0.5M tris(hydroxymethyl)aminomethane buffer (pH 
8.0) (1.5 m1) at 37°C for 5 hr. The free nucleoside was 


purified by descending paper chromatography (Whatman 


No. 1 paper) using isopropanol/conc. aqueous ammonia/water 


(7:1:2) as developing solvent. The product was detected 
Pye dnt 254° nm aetheezone. that=contalnedmthiesmean n 
UVeabSOrption was «cuL out (Re Of ca- Lurid ines Ul s0. Re of 
EU Cate: 0). |i, Re Ota cy tinal) emee Chm nee 
nucleoside was eluted from the paper strip with water 
to give a-L-uridine (4.47 mg), 8-L-uridine (2.66 mg) and 


Woeacy tic tye i. 5.90) MC )mem ines abovesy ile ldsuweneses timated 


pysusing the UV extinction values of a-D-uridine!“® 


126 


Meet O,050eats 264 nm an H»0) and uridine (Comeni0..310 Owaet 


262 nm in H50) respeculvery, and CYticinem (cry sl 00mat 


270 nm in H,0). 


a-L-uridine: [a]5? +58.0° (c 0.22, Hp0) [1it.'*° 
=U 


a-D-uridine Lalp Aaheh ey hee, H0) J. g-L-uridine: Lal, 


Perak c 0-13, 150) crit. '@© g-p-uridine [oJ +4.6° (c 


ee 24 ° 
Lis H,0)]. Gob Gy Wicd e Lalp OAs Ce Uaes Urs H,0). 


(157) 


Preparation of 2-methylformycin,, oq (lof 


To 2-methylformycin (156) (140 mg, 0.5 mmole) was 


added sodium periodate (128 mg, 0.6 mmole) dissolved in 
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water (10 ml). The mixture was stirred at room tempera- 
ture while protected from light for 1.5 hr. Sodium 
borohydride (40 mg, 1 mmole) was added to the solution 

and stirring was continued for 30 min at room temperature. 
Excess sodium borohydride was destroyed with 1M sodium 
dihydrogen phosphate buffer (pH 6.5) (4 ml), and the 

Sout LON was Stirnedufometenr.  “AU-4 charcoa lm saa jawas 
added™to the solution anaetne mixture was stirred tor 4) nr. 
The charcoal was collected by filtration, washed with 
water and=packed intowa corunn, (20 "x =2.5 cm) § 

The column was eluted with water (200 m1), followed 
by 5:07 Vag : CHACN. The eluate was evaporated. The residue 
was cdrssolved=in water and @decol'oritzed *with charcoal. 
Evaporatron*o7 the Water and crystallization ™of tie 
residue from methanol with ether diffusion gave 103 mg 
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Preparation of 3-methyl-6-azauridine. a4 (185) 
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3- Methyl-6-azauridine (184) (100 mg, 0.39 mmole) 


was treated in the same manner as described above for the 


(Hive leetiod Obtaam 


preparation of é-methylformycin, veg tlion!s 


89 mg of 185 as a syrup (85% yield estimated from the 
extinction coefficient of 3-methyl-6-azauridine (184); 
e 6,500 at 263 nm in MeOH). Paper electrophoresis of 
this compound showed an identical anodic mobility (0.48, 
uridine as_a standard) as 3-methyl-6-azauridine 


ox-red 
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Preparation of adenosine (4 NUE lnc alee 


Oox-red ‘— 


ho faidenosine 4(4i2)) (WRgy=347 mmole) was added “an (0 
mM of solution of sodium periodate (50 ml, 4 mmole), and 
the mixture was stirred at room temperature for 2 hr 
while protected from light. The resulting solution was 
cooled in an ice bath and sodium borohydride (282 mg, 


7.5 mmole) dissolved in water (10 ml) was added. The 


Solution wassitirred for Si5 'min' tiinethe ice bath ‘followed 


by 45 min at room temperature. The solution was neutralized 


with acetic acid and stirred with AU-4 charcoal (7 g) 
until UV absorption indicated <5% of the nucleoside re- 
aided, Girne PSO KUtA.ON, eel Vverec tha rcod I’ *wa's' tco lected ™by™ fille 
tration and washed with water (~200 ml). The crude 
product was eluted from the charcoal by continuous extrac- 
timn For) 2d ays? i wtae soxhlet apparatus: withiethanol7 conc. 
aqueous ammonia (9:1) (300 ml). After evaporation of 

the extract, the residue was dissolved in water and 
applied to a column of Dowex 1x2 (OHM) Mresiners5ex 2e5 
cm). The column was washed with water (150 ml), and the 
product was eluted with 20% aq. methanol. Appropriate 
fractions were combined and evaporated. The residue was 
dissolved in aqueous ethanol and decolorized by treatment 
with charcoal. Evaporation of the: solvent and: crystalliza- 
tion of the residue from ethanol with ether diffusion 
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Preparation of tubercidin wag 


was prepared from tubercidin (158) 


huperoadan 
ercid ox-red — 


(1 g, 3.7 mmole) by the same procedure used for the 


(43) sathe product.95c0 


preparation of adenosine. 144 (43 


mg (58%) of 209, was obtained as a hygroscopic foam after 


co-evaporation with toluene (2 ml x 2), followed by 
dryindnat) >0cGs over P50. Ln Vacuosoverni ont. soc Re = 


O26 {solvent S1)3 UV (H50) 270 om (e. 11%500)%, (0.s1N 


maxX 


HC1) 242 ng ie W0),800) a0. IN Nadu) 27D om (eu lO, 900); 
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NMR (DMSO-d_) 64370024 000(m.. Ww. 2'-Ho> 3'-Ho, 5'-H. and 
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ORE 4298) (tip |] po eeo ze OW), 6. OURte le oe. 
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Preparation of inosine +135) 


Ox-red ‘—— 


inosine, (160) s(imques/ammolej was “tneatedeanmthe 


Same manner as described for the preparation of adeno- 


SAG hed (43). The crude product obtained from evapo- 


ration of the extract was dissolved in water and applied 
POedeco Umi Of DOWexml x 7m OHM) FeS inn (35) eee SmCm) Lamhe 
column was washed with water (150 ml), and the product 

was eluted with a 200 mM aqueous solution of triethyl- 
ammonium bicarbonate (pH 7.5). Evaporation of the eluate, 
decolorization of thes solution, with, charcoalmand=acry's ta l- 
lization from ethanol (with small amount of water) with 
etner ditfusyon gave /430mq of 135° 1LC Re = Onl (sol- 


HCY 


vent S,); mp 207-209°C; [lit. mp 207°C, [al4° +70.2° 
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Uridine (161) (1 g, 4 mmole) was treated in the same 


manner as described for the preparation of adenosine), ned 


(43). The crude product obtained from evaporation of the 
extract was dissolved in water and applied to a Dowex 

1x2 (OH ) column (35 x 2.5 cm). The column was washed 
with water (150 ml), and eluted with a 200 mM aqueous 
solution of triethylammonium bicarbonate (pH ~ 7.5). 
Appropriate fractions were collected and evaporated. The 
residue was dissolved in water, decolorized with char- 
coal and lyophilized. Further drying over P50, dt 100" C 
overnight gave 560 mg of 136 as an extremely hygroscopic 
Soria alass: SPCR =O scien Son VeITE S1)3 UV (H,0) ey 


max 


iP 
eaems 0.09) 00 Perot ANE) Jha ZOO A Ee UO an eal 


NaOH). 262 nm (€ 7,500); NMR (DMSO-d, ) GP 32-20-3708 i. 
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